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(57) ABSTRACT 

Gene panels, biomarker panels and microarrays relating to 
lipid formation in stratum corneum of human skin as a func 
tion of extrinsic and/or intrinsic aging conditions, and meth 
ods for assessing the age status of human skin, methods for 
identifying or evaluating an agent as effective for improving 
stratum corneum barrier maintenance and/or repair properties 
in aged skin, and cosmetic composition comprising the iden 
tified agents are all provided. 
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SREBF1 Sterol regulatory element binding transcription factor 1 - 10 30 2.10 
SREBF2 Sterol regulatory element binding transcription factor 2 1. Of 1.02 1.75 
SCAP SREBP cleavage-activating protein 12O 1.31 111 
MBTPS1 Membrane-bound transcription factor peptidase, site 1 129 1.42 116 
Figure 3. Expressional changes in transcriptional activators of lipid synthesis genes. 
Gray shadowing up-regulation (p<0.05) vs. Vehicle treated. 

Figure 3 
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Classification 

Figure 7. Scale utilized to differentiate corneocytes into five maturity classifications. 
Original data in color, depicted here in Gray Scale. 

Figure 7 
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Figure 9. A) Western blot analysis of pro-caspase-14 expression after GFF and Dex 
treatment, B) Effects of Dex and GFF on enzymatic activity of caspase-14. 

Figure 9 
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COSMETC COMPOSITIONS AND METHODS 
FOR MANTAINING AND IMPROVING 

BARRIER FUNCTION OF THE STRATUM 
CORNEUMAND TO REDUCE THE VISIBLE 

SIGNS OF AGING IN SKN 

PRIORITY CLAIM 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Ser. No. 61/301,870 filed Feb. 5, 
2010. 

FIELD OF THE INVENTION 

0002 The present invention relates to gene panels and 
genomic transcriptional profiling-derived biomarkers 
employed methods to identify and evaluate agents which 
transcriptionally regulate genes implicated in maintaining or 
improving stratum corneum (SC) barrier functioning of 
human skin. More particularly, the invention provides cos 
metic agents, compositions and methods for increasing lipid 
synthesis, increasing hydration status, and thickening/ 
strengthening the barrier to prevent, reverse or reduce the 
visible signs of aging in skin. 

BACKGROUND OF THE INVENTION 

0003 Skin aging is a multifactorial process driven by both 
intrinsic (effects of natural course of chronological aging, 
e.g.) and extrinsic factors, including ultraviolet (UV) expo 
Sure, environmental toxins/pollutants and Smoking. 
0004. The SC is the outermost layer of skin and provides 
the chemical and physical barrier between the body and the 
environment. Cells are generated at the basal layer of the 
epidermis and rise up to the outer Surface. As other newer 
cells are generated, the cells at the outermost layer regularly 
slough off to complete an overall process that takes about a 
month in healthy human skin. As the cells migrate from the 
basal to outer layer they produce and accumulate keratin, 
which gradually replaces the cell's cytoplasm in a process 
referred to as “cornification.” At the point where no cyto 
plasm remains, the cell dies and sheds off the body. 
0005. The barrier forms from this “cornification and the 
cornified barrier provides a number of functions. In healthy 
skin, dead skin cells remain at the outermost Surface for a 
brief period of time, held together by a corneodesmosome 
bond between Surface corneocytes. This delays descquamation 
of the skin cells and reinforces the barrier. Important func 
tions of the barrier include attenuation of the penetration of 
free radicals and prevention of penetration of harmful radia 
tion including UV radiation, into deeper layers. The SC also 
acts as a permeability barrier and functions to prevent loss of 
body water to the outside environment. 
0006. The SC is a densely packed structure comprising an 
intracellular fibrous matrix that is hydrophilic and able to trap 
and retain water. The intercellular space is filled with lipids 
formed and secreted by the keratinocytes and which provide 
a diffusion pathway to channel substances with low solubility 
in water. A commonly espoused skin metaphor portrays the 
stratum corneum as a brick wall wherein each brick is a 
corneocyte and the intercellular lipid matrix is the mortar. 
0007. It is well known in the art that the ability of the SC to 
cyclically generate new layers of skin diminishes with age so 
that the SC turnover rate is substantially reduced in aged skin, 
with the cornified layer becoming gradually thinner. This 
results in a reduction in the functioning capacity of the barrier 
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so that harmful stimuli penetrate the SC more easily, leading 
to UV-damage, for example, of the underlying dermal layers, 
degradation of collagen and elastin, and eventually manifests 
in appearance as skin atrophy and wrinkling. Thinning of the 
SC by the Sum of intrinsic and extrinsic aging factors 
increases the visible appearance of fine lines and wrinkles. 
Further, the barrier suffers from an age-related increase in 
permeability to free radicals and a reduction in the amount of 
lipid in the intercellular matrix, decreasing barrier capacity to 
diffuse toxins from deeper layers. Recovery capacity of the 
barrier to environmental insult is also substantially reduced 
with age. 
0008. The evolution of the 2.1 billion dollar per year cos 
metics industry is driven by a desire on the part of consumers 
to reduce the appearance of age. The industry expends con 
siderable effort and resources to develop and provide con 
Sumers with easy-to-use, non-invasive, topically applied cos 
metic compositions and treatment regimens that provide the 
desired “anti-aging effect. Traditionally the creams, lotions, 
ointments and other product formulations were limited in 
effect to providing aesthetic benefit without conferring any 
real benefit to the health of the skin. Transient mimicking of 
a youthful appearance Substituted for a true restoration of 
youthful skin attributes. 
0009 More recently, a greater understanding of the bio 
chemical processes responsible foraging has invigorated the 
cosmetics industry and resulted in the emergence of a new 
class of cosmetic actives sometimes referred to as "cosme 
ceuticals.” The purported effects, including but not limited to 
antioxidant, anti-inflammatory and free-radical-scavenging 
effects, derive from the underpinning science. A continuing 
problem with the new era of treatmentagents, however, is that 
the actual physiological effect, when measured against objec 
tive standards, did not appear commensurate in scope with the 
effect predicted by the scientific theory allegedly being 
exploited. Generally, the SC barrier of the skin, sought to be 
enhanced by the topically applied products comprising the 
agents, provides an element of unpredictability based upon its 
barrier functioning. The degree to which a compound pen 
etrates the barrier, the effect of pH, the stability of the com 
pound in a skin environment, exposure to degrading forces 
upon application and/or penetration, and other factors inter 
fere with effectuating the theoretical correlate when com 
pounds are applied topically to the skin. 
0010. The present inventors recognized the deficiencies 
associated with evaluation of known cosmetic agents for cos 
metically functional effects and the deficiencies associated 
with identification of agents that actually achieve a theoreti 
cally-based effect to provide actual, Verifiable anti-aging ben 
efit to skin. 

SUMMARY OF THE INVENTION 

0011. Accordingly, it is an objective of the present inven 
tion to apply the relatively new technologies of genomics and 
proteomics in a rigorous and objective manner to identify and 
evaluate cosmetic agents for desired anti-aging benefit. It is 
another object to provide compositions comprising known 
and newly identified agents demonstrated by application of 
these technologies to confer real, measurable Substantive 
anti-aging benefit to skin, in particular by parsing the com 
ponents of the skin aging process and adapting gene and 
biomarker panels to identify agents and combinations of 
agents which specifically target those components. Particular 
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pathways include those relating to lipid content, hydration 
status and the thickness and maturity of the corneocyte layer. 
0012 Global gene expression profiling provides a useful 
means to identify key aspects of the skin aging process and 
provides information permitting the development of present 
inventive skin technologies. An important aspect of skin 
aging that can be addressed by application of genomics and 
proteomics includes skin barrier functioning. The present 
inventors further developed and confirmed the validity of 
human skin equivalent cultures, which permit topical appli 
cation of test compounds and combinations to a SC Surface 
derived from specifically aged skin cells, and measure rel 
evant biomarkers including transcriptional profiles. Using 
this transcriptional analysis approach it is possible to detect 
skin barrier enhancement in response to the compounds. 
Gene microarrays are new tools for understanding changes 
occurring at the transcriptional level during skin aging. The 
present inventors gathered gene expression data and applied 
advanced bioinformatics to identify particular pathways 
affected by aging, including lipid synthesis and the dermal 
matrix. 
0013 Generally the present invention results from the dis 
covery by the inventors of a very specific Subset of genes 
relating to lipid synthesis and processing which are regulated 
in skin cells as a function of aging. 
0014. In one embodiment of the invention, gene panels are 
provided which comprise genes relating to SC lipid synthesis 
and which are regulated in response to extrinsic and/or intrin 
sic aging conditions. The panels comprise at least two genes, 
and any of various combinations or Subsets of the genes 
identified in Tables A-D as set forth in FIG. 1. Generally the 
combinations relate to specific lipid biosynthesis or factors 
which otherwise influence the amount of lipid in the SC as a 
function of aging. The gene panels may be used to develop a 
microarray for the purpose of conducting a transcriptional 
analysis and generating a transcriptional profile of skin cells 
extracted from a test sample. The microarrays according to 
the invention comprise immobilized oligonucleotides which 
hybridize specifically to nucleic acids corresponding to the 
genes constituting the inventive panels. The genes are known 
and microarray analysis was undertaken to identify the 
unique panels of the invention. It is well within the skill of a 
person or ordinary skill in the art to reduce a global array to a 
lower density array intended for analysis of a subset of the 
global array. 
0015 The invention further provides methods for assess 
ing the age status of human skin, comprising extracting 
nucleic acid from a sample of skin and contacting the nucleic 
acid with an inventive microarray, performing a transcrip 
tional analysis to obtain a transcriptional profile; and com 
paring the transcriptional profile to a reference profile derived 
from a control. Other methods enable identification or evalu 
ation of agents for efficacy specifically in improving SC bar 
rier maintenance and/or repair properties in aged skin. 
According to this embodiment the method comprises contact 
ing skin, skin cells or a skin equivalent with a proposed agent; 
generating a transcriptional profile based on an inventive gene 
panel, comparing the transcriptional profile to a reference 
transcriptional profile, and identifying the agent as effective if 
the test transcriptional profile exhibits directional regulation 
which increases an amount of at least one lipid in the SC 
compared to the reference. 
0016. Another embodiment of the invention provides cos 
metic compositions effective for improving SC barrier main 
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tenance and/or repair properties in aged skin. The composi 
tions comprise at least one agent that transcriptionally 
regulates genes constituting a gene panel of the invention to 
ultimately increase an amount of at least one lipid in the SC, 
wherein the lipid is selected from the group consisting of 
cholesterol, fatty acid and ceramide, or precursors thereof. 
0017. The invention further provides a biomarker panel 
indicative of hydration status of skin and certain methods and 
compositions relating thereto. The biomarker panel includes 
aquaporin-3, CD44 antigen and Claudin 1. 
0018. In another embodiment, an improved method for 
assessing SC corneocyte maturity is provided, along with 
methods for evaluating compounds and compositions for effi 
cacy in improving barrier functioning through promotion of 
corneocyte maturity. 
0019 Features and benefits of the various embodiments of 
the present invention will become apparent from the follow 
ing description, which includes figures and examples of spe 
cific embodiments intended to give a broad representation of 
the invention. Various modifications will be apparent to those 
skilled in the art from this description and from practice of the 
invention. The scope is not intended to be limited to the 
particular forms disclosed and the invention covers all modi 
fications, equivalents and alternatives falling within the spirit 
and scope of the invention as defined by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1. Collation of genes relating to lipid metabo 
lism in the stratum corneum which are transcriptionally regu 
lated as a function of aging. 
0021 FIG. 2. Transcriptional regulation of genes associ 
ated with SC lipid pathways by treatment with Hexamidine. 
0022 FIG. 3. Table of expressional changes in transcrip 
tional activators of lipid synthesis genes by treatment with 
Hexamidine, Niacinamide and Pentanediol. 
0023 FIG. 4. A. Table of transcriptional changes in cellu 
lar cholesterol synthesis genes. 
0024 B. Table of transcriptional changes in cellular cho 
lesterol influx genes. 
0025 C. Table of transcriptional changes in cellular cho 
lesterol efflux genes. 
0026 D. Table of transcriptional changes in cellular mito 
chondrial cholesterol utilization genes. 
0027 FIG. 5. A. Table of transcriptional changes in fatty 
acid precursor generation 
0028 B. Table of transcriptional changes in cellular fatty 
acid synthesis genes. 
0029. C. Table of transcriptional changes in cellular fatty 
acid influx genes. 
0030) D. Table of transcriptional changes in cellular mito 
chondrial fatty acid utilization genes. 
0031 FIG. 6. A. Table of transcriptional changes in cellu 
lar sphingolipid synthesis genes. 
0032 B. Table of transcriptional changes in lamellar body 
secretion genes. 
0033 C. Table of transcriptional changes in ceramide pre 
cursor processing genes. 
0034 FIG. 7. Scale untilized to differentiate five levels of 
corneocyte maturity. 
0035 FIG. 8. Statistical results comparing corneocyte 
maturity and size of treated VS. non-treat skin sites. 
0036 FIG. 9. A. Western blot analysis of pro-caspase-14 
expression after GFF treatment 
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0037 B. Effects of Dex and GFF on enzymatic activity of 
caspase-14. 
0038 FIG. 10. The induction mechanism of caspase-14 in 
EPI models. 
0039 FIG. 11. A. Illustrates synergy between Hexami 
dine, Niacinamide and Pentanediol on Aquaporin Expression 
in Keratinocytes. 
0040 B. Illustrates synergy between Hexamidine, Niaci 
namide and Pentanediol on C44 Expression in Keratinocytes. 

DETAILED DESCRIPTION OF THE INVENTION 

0041. The present invention is based in part on discovery 
by the inventors that the effects of aging on SC lipid pathways 
reflect regulation by a unique set of genes. Transcription of 
those genes may be impacted by particular conditions, treat 
ments or agents. Aging may be either intrinsic aging resulting 
from factors relating to chronological aging, or extrinsic 
aging resulting from environmental factors, or combined 
intrinsic and extrinsic aging. The invention therefore provides 
transcriptional profiles for genes relating to lipid synthesis 
and metabolism as a function of age and provides the oppor 
tunity to attack/ameliorate the effects of aging by manipulat 
ing transcription of genes to produce downstream translation 
products which provide benefits to the skin in a natural way, 
in contrast to conventional methods which rely on direct 
application of “benefit agents’ which suffer from the defi 
ciencies in the art. 
0042. Since penetration and stability of agents in the skin 
context is multifactorial and difficult to assess, the genomic 
technology providing assessment via transcriptional profiling 
permits the investigator to leapfrog over those issues and test 
for effects that subsume those factors. One embodiment of the 
instant invention provides a gene panel comprising genes 
relating to SC lipid formation in human skin and which gen 
erate a transcriptional profile that is in parta function of aging. 
The genes, listed in FIG. 1, are regulated in response to 
extrinsic and/or intrinsic aging conditions. The genes are 
tabled in accordance with the relevant regulated lipid path 
way, which includes fatty acid synthesis, cholesterol synthe 
sis, cholesterol efflux and influx, and sphingolipid/ceramide 
synthesis. A gene panel according to the instant invention is 
selected to provide regulatory information about a prospec 
tive agent, treatment or condition, and may comprise any 
where from 2 to the entire set of lipid-regulatory genes. 
0043. In particular a gene panel comprises at least two 
genes selected from Tables A-D as set forth in FIG. 1. The 
number and identity of genes constituting the panel relate, for 
example, to the information sought to be ascertained by the 
transcriptional analysis. Certain gene panel Subsets of par 
ticular utility in the investigation of specific pathways are 
contemplated. For example, a gene panel may consist of 
genes relating to an amount of cholesterol in the SC of human 
skin which are regulated in response to extrinsic and/or intrin 
sic aging conditions. The panel may comprise at least one 
gene selected from Table B and at least 2 genes selected from 
Table C, as set forth in FIG.1. Another specific panel embodi 
ment consists of genes relating to an amount of fatty acid in 
the SC of human skin and which are regulated in response to 
extrinsic and/or intrinsic aging conditions, the panel compris 
ing at least 2 genes selected from Table A set forth in FIG. 1. 
0044 Similarly, a gene panel according to the invention 
may consist of genes relating to an amount of sphingolipid in 
the SC of human skin which are regulated in response to 
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extrinsic and/or intrinsic aging conditions. The panel com 
prises at least 2 genes selected from Table D set forth in FIG. 
1 

0045. A microarray is a technology widely used in 
molecular biology and genomic studies. A microarray com 
prises an arrayed series of nucleic acid oligonucleotides, each 
containing a probe for a target gene. A probe is a short section 
of a target gene (or other target DNA) that is designed to 
hybridize to a target clNA or cRNA sample. The hybridiza 
tion is thereafter detected and quantified by methods well 
known in the art, which may include fluorophore-labeled 
targets, to determine relative abundance of the specific 
sequence in the sample. An array may contain thousands of 
probes, and a 'global array is understood to contain a probe 
for an entire population of known genes in a species. Gener 
ally the probes are attached via a linking chemistry to a solid 
Substrate Such as a glass or silicon chip. Colloquially these are 
known as Affy chips when an AffymetrixTM brand chip is 
employed. Such microarrays are also known as gene chips. 
Many other microarray platforms exist however, and a person 
of ordinary skill in the art will understand that the microarray 
detection system employed for transcriptional assay may 
vary without departing from the spirit of the present inven 
tion. 
0046 Generally, microarray technology is sophisticated 
and a person of skill in the art, given a target gene, is capable 
of designing a suitable probe using methods routine in the art. 
Probes for genes having the sequences set forth in the instant 
Sequence Listing are well-known in the art and low density 
microarrays for any Subset of target nucleic acid molecules 
are readily designed and constructed. A person of ordinary 
skill in the art can readily construct a microarray comprising 
immobilized oligonucleotides which hybridize specifically to 
nucleic acids corresponding to the genes constituting a gene 
panel according to the present invention. The genes are 
known in the art, and Suitable probes for the genes are known 
in the art. One embodiment of the invention provides a unique 
assembly of hybridizing oligonucleotides targeting a unique 
panel of genes, however, which permits, interalia, practice of 
the methods of the invention. 

0047. The instant inventors discovered profiles for the 
transcriptional regulation of genes relating to lipid formation 
and aging. Accordingly, one embodiment of the invention is 
directed to methods for assessing the age status of human 
skin. The method comprises extracting nucleic acid from a 
sample of skin from a human Subject; contacting the nucleic 
acid with a microarray according to the invention, performing 
a transcriptional analysis to obtain a transcriptional profile; 
and comparing the transcriptional profile to a reference pro 
file derived from a control population standardized as a func 
tion of age. In another related embodiment the extracted 
nucleic acid is quantified and quantities are compared to 
reference quantities as a function of age. 
0048 Transcriptional profiling provides a superior 
method for evaluating a cosmetic agent for efficacy in 
improving SC barrier maintenance and/or repair properties in 
aged skin that does not rely on self-report of the consumer or 
tests which cannot reliably factor penetration, metabolic state 
and other conditions that might affect cosmetic efficacy. 
According to one embodiment, the method comprises con 
tacting skin, skin cells or a skin equivalent with a proposed 
agent, generating a transcriptional profile based on a gene 
panel according to the invention, comparing the transcrip 
tional profile to a reference transcriptional profile, and iden 
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tifying the agent as effective if the test transcriptional profile 
exhibits directional regulation which increases an amount of 
at least one lipid in the SC compared to the reference. 
0049. The barrier function of the epidermis of skin is pri 
marily localized to the SC. The SC is a two-compartment 
system of corneocytes embedded in a lipid-enriched extracel 
lular matrix. Within the SC, several defensive barrier func 
tions can be localized to either the lipid matrix or corneocytes. 
Primary strategies for improving barrier function therefore 
include (1) increasing the number of fully differentiated (ma 
ture) SC corneocytes and (2) increasing integrity of lipid 
matrix. 
0050. The present inventors applied the genomic and tran 
Scriptional profiling technologies set forth above to investi 
gate molecular regulation of skin barrier formation and func 
tion. Major lipids of the human SC are ceramides, cholesterol, 
and fatty acids (FAs), comprising approximately 50%, 25% 
and 10% of the total lipid mass, respectively. These lipids are 
produced by granular keratinocytes and delivered to the SC, 
along with processing enzyme, in lamellar bodies (LBS) 
which fuse with the keratinocyte plasma membrane and 
extrude their contents locally in the SC. Once released into 
the SC these lipids are enzymatically processed to form the 
highly structured lipidlamellae matrix responsible for several 
barrier functions. An overall strategy for building a better 
lipid matrix, thus improved barrier function, would be to 
increase the de novo synthesis, cellular uptake, and process 
ing of these SC lipids. 
0051 Ceramides are a family of lipid molecules compris 
ing a sphingosine and a FA. Ceramides are found primarily in 
cell membranes as one of the components of sphingomyelin. 
Ceramide is understood to have many functions aside from 
providing structure, including regulation of cell differentia 
tion, proliferation and apoptosis. Synthesis of ceramide 
occurs in the endoplasmic reticulum and begins with conden 
sation of palmitate and serine to form 3-keto-dihydrosphin 
gosine, catalyzed by the enzyme serine palmitoyltransferase, 
which is the rate limiting enzyme. 3-keto-dihydrosphin 
gosine is reduced to dihydrosphingosine, which is then fol 
lowed by acylation by the enzyme (dihydro) ceramide to 
produce dihydroceramide with the final reaction catalyzed by 
dihydroceramide desaturase. Ceramide is transported to the 
Golgi. Ceramide may be metabolized into sphingomyelin and 
glycosphingolipids. These end products provide another 
Source of ceramide via degradation of the sphingolipids. 
0052 Cholesterol is a waxy steroid metabolite that is an 
important structural component of cell membranes. It is 
known that cholesterol regulates membrane fluidity and in its 
structural capacity it reduces the permeability of the plasma 
membrane to protons and Sodium ions. Cholesterol has 
important functions relating to intracellular transport, cell 
signaling and nerve conduction. Certain disease states, such 
as atopic dermatitis, which reflect impaired stratum corneum 
barrier function to cause increased transepidermal water loss 
(TEWL), are associated with deficiencies in both ceramide 
and cholesterol, as well as abnormal ratios wherein a decrease 
in the amount of ceramide relative to cholesterol causes an 
increase in TEWL and dry, flaky skin. 
0053. The cholesterol metabolic pathways pertinent to SC 
lipid matrix production include those relating to biosynthesis 
and cellular uptake/efflux. Mitochondrial utilization of cho 
lesterol or cholesterol precursors may also affect overall equi 
librium. The present inventors noted that with aging there is 
transcriptional down-regulation of genes which encode many 
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of the enzymes necessary for biosynthesis and cellular cho 
lesterol uptake and processing, while transcriptional up-regu 
lation of genes which encode for enzymes involved in cho 
lesterol efflux were observed. Agents evaluated as effective in 
barrier maintenance may act to reduce or reverse the regula 
tory effect of aging shift the transcriptional profile in a direc 
tional manner to restore a profile generated from young skin. 
0054 Another group of lipids important to skin barrier 
functioning is FAS. The metabolites of certain essential FAS 
are important for structural integrity, while others are precur 
sors for the production of regulatory prostaglandins. Metabo 
lites of FAS are further known to confer a water proofing 
effect to the corneocyte layer and to guide transport and 
metabolism of cholesterol. Increased TEWL is also a symp 
tom of a deficiency in FAS. The synthesis, uptake and utiliza 
tion of FAS are critical for proper SC lipid matrix formation. 
In an evaluation for agents which are effective in restoring/ 
promoting increased FA content, a transcriptional profile 
reflecting up-regulation of genes which encode for enzymes 
involved in both biosynthesis and uptake of FAS is desired, 
while a profile reflecting down-regulation of those genes and/ 
or up-regulation of genes which encode enzymes involved in 
cellular efflux or proteins involved in transporting FAs into 
the mitochondria for energy production is not desired. 
0055. It is known in the art of skin barrier health that lipid 
content decreases as a function of age, resulting in a thinning 
of the barrier, greater water loss, dryness, and increased per 
meability to toxins and free radicals. By utilizing the instantly 
inventive technologies, a cosmetic composition may more 
reliably and validly be designed and tested for efficacy in 
improving SC barrier maintenance and/or repair properties in 
aged skin by restoring lipid content. The instant invention 
provides compositions comprising one or more agents that 
transcriptionally regulate genes constituting a gene panel 
according to the invention to increase an amount of at least 
one lipid in the SC, the lipid selected from the group consist 
ing of cholesterol, FA and sphingolipid/ceramide. 
0056. As noted above, a second broad strategic approach 
to affecting and improving barrier functioning involves 
increasing the number and quality of stratum corneum cor 
neocytes. The ratio of mature to immature corneocytes at the 
stratum corneum Surface is known to decrease with both 
chronological age and with exposure to extrinsic aging fac 
tors such as environmental insult. 

0057. As keratinocytes migrate from the epidermal basal 
layer to the SC, they undergo a differentiation or “maturation' 
process resulting in the formation of the corneocyte envelope 
(CE). The CE is made up of several different proteins, one of 
which is involucrin, that are highly cross-linked to produce 
the insoluble (hydrophobic) structure of the SC corneocytes. 
A method for assessing CE maturity was developed by Hirao 
et al. who described a tape Stripping method for simulta 
neously identifying “mature' and “immature' corneocytes 
(Exp Dermatol 2001: 10: 35-44). The method is based upon 
staining with nile red (red fluorescence), which characterizes 
corneocyte hydrophobicity, and involucrin (green fluores 
cence) staining, which characterizes the degree of cross-link 
ing. The premise for this identification is that fully “mature' 
CE would stain only with nile red because the epitope for the 
involucrin antibody would not be recognized due to the high 
degree of cross-linking. In contrast, “immature' CE would 
stain solely with involucrin because of the lack of cross 
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linking. Successive tape stripping, demonstrates that the ratio 
of mature (red) and immature (green) corneocytes changes at 
different levels of the SC. 

0058. The invention further provides an improved method 
for assessing CE maturity which is adapted for more conve 
nient clinical applications and which provides greater reso 
lution to enable more refined classification, and use of imag 
ing software to fine-tune the classification and analysis. 
Details of the differences between the instant techniques and 
those known in the art are set forth in Example 7, below. 
According to one embodiment, a method is provided for 
determining a ratio of mature to immature corneocytes. The 
method comprises (1) extracting a sample of corneocytes 
from the skin Surface by tape-stripping wherein a tape is 
adapted to permit uniform sampling of a fixed area of the skin 
Surface; (2) differentially staining the extracted corneocytes 
according to degree of cross-linking and hydrophobicity; (3) 
imaging the stained corneocytes; and (4) importing images 
into an analyzer that permits at least five levels of resolution 
for classification of the differentially stained corneocytes; 
and (5) conducting a statistical analysis of the classification to 
determine the ratio of mature to immature corneocytes. The 
invention also provides a cosmetic composition formulated 
for topical administration, comprising one or more com 
pounds effective for increasing a ratio of mature to immature 
corneocytes at a skin Surface, wherein the ratio is determined 
by the improved methods. In specific embodiments the com 
position comprises one or more of Hexamidine, Niacinamide 
and Pentanediol. Methods for inhibiting and/or reversing skin 
damage due to environmental stress are also provided 
wherein the skin is treated with compositions which are effec 
tive for increasing the ratio of mature to immature corneo 
cytes. The inventive methods provide a technique for evalu 
ating agents proposed for efficacy in enhancing a barrier 
function of the SC. The method comprises inspection of skin 
treated with the proposed agent wherein skin in tangential 
proximity to the treated skin, that is, skin from the same 
subject or sample, provides the control. By “tangential’ it is 
understood merely that the control and treatment skin derive 
from substantially the same skin area of the subject or from 
the same skin equivalent since it is known that skin from 
different regions of the body comprise different optimal ratios 
of mature to immature corneocytes. One embodiment of the 
method comprises selecting a first and second skin Surface in 
Substantially tangential proximity to one another, wherein the 
first Surface is a control Surface and the second surface is a 
treatment Surface; contacting the second Surface with a pro 
posed agent in a vehicle for a period of time while simulta 
neously contacting the first Surface with vehicle or nothing 
(no treat control) for the period of time; conducting a corneo 
cyte ratio assessment as provided herein on both the first and 
second surfaces; and evaluating the agent as effective for 
enhancing a barrier function of the SC if a ratio of mature to 
immature corneocytes is significantly greater in the second 
surface than in the first surface. 

0059. The corneocytes of the SC are essentially “dead” 
anucleated cells derived from outer Stratum granulosum kera 
tinocytes during terminal differentiation, embedded in a 
lipid-enriched extracellular matrix, secreted from epidermal 
LBs. Permeability barrier insults stimulate rapid secretion of 
preformed LBS from the outer stratum granulosum, regulated 
through modulations in ionic gradients and serine protease 
(SP)/PAR-2 signaling. Because corneocytes are also required 
for barrier function, it is hypothesized that corneocyte forma 
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tion may be regulated by barrier function, or vice versa. 
Barrier abrogation by two unrelated methods initiates a wave 
of cornification, assessed as TodT-mediated duTP nick end 
labeling-positive cells in stratum granulosum and newly 
cornified cells by electron microscopy. Because cornification 
is blocked by occlusion, corneocytes formed specifically in 
response to barrier requirements, rather than injury or cell 
replacement needs. SP inhibitors and hyperacidification 
(which decreases SP activity) block cornification after barrier 
disruption. Similarly, cornification is delayed in PAR-2' 
mice. Although classical markers of apoptosis poly(ADP 
ribose)polymerase and caspase (Casp)-3 remain unchanged, 
barrier disruption activates Casp-14. Moreover, the pan-Casp 
inhibitor Z-VAD-FMK delays cornification, and corneocytes 
are structurally aberrant in Casp14 mice. Thus, permeabil 
ity barrier requirements coordinately drive both the genera 
tion of the stratum corneum lipid-enriched extracellular 
matrix and the transformation of granular cells into corneo 
cytes, in an SP- and Casp-14-dependent manner, signaled by 
PAR-2 (Demerjian et al. American Journal of Pathology: 
127(1): (2008)). 
0060 Protease inhibitors are known to prevent breakage 
of the corneodesmosome bonds between corneocytes at the 
skin surface. Exfoliation and other methods of intentional 
enhancement of the sloughing offprocess (desquamation) are 
considered beneficial for Smoothing the skin Surface and 
improving appearance. 
0061 Abnormally high SP activity has been observed in 
several skin diseases associated with decreased barrier func 
tion, such as atopic dermatitis, contact dermatitis, and psoria 
sis. A sustained increase in SCSP activity leads to decreased 
barrier function and increased inflammation, which has been 
attributed to 1) SP degradation of SC lipid processing 
enzymes, and 2) loss of SC cohesion as a result of SP-medi 
ated degradation of corneocyte cell-cell connections (cor 
neodesmosomes). Additionally, acute disruption of the SC 
barrier by tape striping, solvent treatment, or detergent treat 
ment elicits an increase in epidermal SP activity which nega 
tively affects barrier recovery kinetics. However, the addition 
of SP inhibitors accelerates barrier recovery. 
0062. Additional embodiments of the invention relate to 
methods and compositions for improving barrier functioning 
by regulation of hydration status of skin. In particular, a novel 
biomarker panel comprising at least 2 biomarkers selected 
from the group consisting of aquaporin 3, CD44 antigen and 
Claudin 1 are provided. 
0063 Aquaporins are a class of membrane proteins within 
mammalian skin that regulate transport of water, glycerol and 
other solutes across the plasma membrane. Without being 
limited by theory, it is thought that two major aquaporin 
membrane proteins encoded by AQP-3 and AQP-9 are 
expressed in skin cells. Aquaporin 3 is a transporter protein in 
the plasma membrane of keratinocytes, which transports 
water and glycerol into the vascular-free epidermis from the 
dermis. When the AQP-3 gene is inactivated, multiple symp 
toms of damaged skin, such as lower water content, leaky skin 
barrier, delayed wound healing, and impaired skin elasticity 
are observed. Investigators have previously shown that an 
increase in transcription of AQP-3 and expression of aqua 
porin 3 improves skin hydration, thus minimizing the visual 
signs of dry or photo-damaged skin. 
0064 CD44 protein is a cell-surface glycoprotein 
involved in cell-cell interactions, cell adhesion and migration. 
It is known as a receptor for hyaluronic acid and also interacts 
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with other ligands including osteopontin, various collagens 
and matrix metalloproteinases (MMPs). Claudins are a fam 
ily of proteins that are the most important components of the 
tight junctions, where they establish the paracellular barrier 
that controls the flow of molecules in the intercellular space 
between the cells of an epithelium. They have four transmem 
brane domains, with the N-terminus and the C-terminus in the 
cytoplasm. 
0065. The invention further provides cosmetic composi 
tions effective for increasing hydration status of the skin as 
indicated by measurement of the biomarkers constituting the 
biomarkers of the inventive panel. In specific embodiments 
the composition comprise Hexamidine, Niacinamide and 
Pentanediol in particularly effective ratios. The present inven 
tors surprisingly discovered that synergy among the proposed 
ingredients with respect to the target endpoint is a function of 
the ratio of the ingredients. Certain ratios do not provide 
synergy. In specific embodiments the effective ratio of Hexa 
midine:Niacinamide:Pentanediol is in a range of about 1–5: 
40-60:5-50. In very specific embodiments the effective ratio 
of Hexamidine:Niacinamide:Pentanediol is 1:50:30 and in 
other very specific embodiments the ratio may be 1:50:5. The 
compositions may therefore effectively employed in methods 
for moisturizing skin comprising contacting the skin with an 
effective amount of the composition. 
0066 Efficacy of the methods may also be a function of 
treatment frequency, duration and/or regimen. A consumer 
may apply single or multiple daily doses for a number of 
consecutive days contemplated as between about 4 and about 
21 for initial benefit with sustained benefit inaccordance with 
continued treatment. In very specific embodiments an initial 
hydrating benefit is realized after 14 consecutive treatments. 
0067 Hexamidine in accordance with the instant inven 
tion is understood to include isomers, tautomers, salts and 
derivatives including but not limited to organic acids Such as 
carboxylic acids and mineral acids such sulfonic acid. A 
technical name for Hexamidine is 4,4'-(hexamethylenedioxy) 
dibenzenecarboximidamide. Dermatologically acceptable 
salts include alkali metal salts such as potassium and Sodium; 
alkaline earth metal salts, such as calcium and magnesium; 
non-toxic heavy metal salts, and ammonium and trialkylam 
monium salts. Alternatively, Hexamidine is hexamidine 
disethionate, which is commercially available under the 
tradename ELESTAB HP100 from Laboratoires Serobi 
ologiques of Pulnoy, France. 
0068. The compositions according to the instant invention 
may comprise Hexamidine from about 0.0001% to about 
25%, alternatively from about 0.001% to about 10%, alterna 
tively from about 0.01% to about 5%, and alternatively from 
about 0.02% to about 2.5% by weight of the composition. 
0069. Many of the methods of the instant invention may be 
practiced in vitro using skin equivalent technologies. In sev 
eral experiments designed to test the validity and reliability of 
skin equivalent cultures, both validity and reliability were 
confirmed. Skin equivalent models provide a high throughput 
means to test cosmetic agents. In vitro human skin cultures 
have been tissue-engineered to reproduce key structural and 
functional aspects of natural skin. Of particular value for skin 
aging research are cultures containing a stratified cornified 
epidermis either alone or in combination with a basement 
membrane and a fibroblast-containing dermal matrix. Such 
cultures can be constructed of skin cells from donors of vary 
ing ages and conditions. The presence of an air-interface 
allows for topical application of test materials, including 
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undiluted or diluted test compounds, combinations of com 
pounds, or product formulations. 
0070. In vitro skin models, however, do not exhibit the 
macroscopic features analogous to signs of facial skin aging 
Such as fine lines and wrinkles. Hence, it is necessary to 
identify and evaluate biomarkers of skin and barrier function 
ing, such as proteins, mRNA or other macromolecules that 
may be detected or measured as a function of aging. Epider 
mal-dermal constructs can express major structural collagens 
in the dermal matrix, such as collagens I and III and procol 
lagen I, and basement membrane Zone-specific markers such 
as collagen IV, in addition to epidermal hyaluronic acid. 
These types of structural elements of skin are known to be 
decreased in expression or functionality as skin ages. 
0071 Biomarker endpoints and certain clinical skin 
instrumental measurements, such as those used for skin bar 
rier determinations, can be detected in skin equivalent cul 
tures. As noted above, the stratum corneum barrier consists of 
flattened, terminally differentiated corneocytes surrounded 
by specialized lamellar lipids, which act to retard loss of 
water from the skin's surface. Water loss can be measured 
functionally by use of an evaporimeter instrument wherein 
the endpoint measured is TEWL, and is expressed in units of 
grams of water per skin per hour. In one validity test the 
present inventors took epidermal cultures from a commercial 
supplier (Epiderm 201 cultures from Mattek Corp., Ashland 
Mass.) grew them in cultures for four days whereby the num 
ber of differentiated cell layers and stratum corneum thick 
ness was increased during this period. In parallel, evaporim 
eter measurements indicated a decrease in TEWL values to 
levels comparable to those measured in human back skin in 
vivo. TEWL levels could be reduced further by 24 hour treat 
ment with 1% Niacinamide. These findings indicate that in 
vitro epidermal constructs form a functional water barrier that 
can be enhanced by compounds such as Niacinamide. 
0072 Methods for manufacturing cosmetic compositions 
according to certain embodiments of the invention are also 
contemplated. Specifically, compositions are formulated to 
comprise agents selected to one or more of the inventive 
methods of screening, evaluating and identifying as effective 
as set forth herein. Techniques for formulating compositions 
comprising particular selected cosmetic actives as Suitable for 
topical application are well known by practitioners of the 
cosmetic arts. As non-limiting examples, compositions may 
be formulated as lotions, creams, gels, balms, oils, ointments 
and the like and effective non-invasive application may be, for 
example, via direct consumer application to the skin or by 
dermal patch or cosmetic mask intended to provide Sustained 
contact over a period of time. 
0073. The following examples are intended to illustrate 
particular aspects of the invention and should not be con 
strued as limiting the scope of the invention as defined by the 
claims. 

EXAMPLES 

Example 1 

0074 Hexamidine is analyzed as a single variable in an 
aged-equivalent skin culture system (Dermaquant model 
(Epistem Manchester, UK)-keratinocytes and fibroblasts 
taken from 54 year old female donors.) This example illus 
trates the validity of a skin-equivalent substrate in methods 
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relating to transcriptional profiling and further illustrates the 
efficacy of Hexamidine in enhancing barrier functioning 
through genomic regulation. 

Experimental: 
0075. The Experimental design is set forth in Table I. 
Cultures were treated and harvested at indicated time points. 
Total RNA extraction, labeling and hybridization to Affyme 
trixTM U133A plus 2 gene chips were conducted. Data were 
Subjected to normalization and statistical analysis. 

TABLE I 

Experimental design 
Harvest time points following treatment (hours 

Treatment 4 8 16 32 48 

Vehicle (water) N = 3 N = 3 N = 3 N = 3 N = 3 
0.1% Hexamidine N = 3 N = 3 N = 3 N = 3 N = 3 

Results: Genomic data reveals that Hexamidine beneficially 
affects pathways involved in keratinocyte stratum corneum 
lipid metabolism. Transcription data are set forth in FIG. 2. In 
particular the following directional effects are observed: 
0076 up-regulation of transcriptional activators of genes 
involved in lipid metabolism. 

0077 up-regulation of the genes which encode the rate 
limiting enzymes in biosynthesis of cholesterol 
(HMGCR), fatty acid (ACACA), and sphingolipid 
(SPTLC1/2). 

0078 up-regulation of cellular cholesterol and fatty acid 
uptake mechanisms. 

0079 down-regulation of mitochondrial cholesterol and 
fatty acid utilization pathways. 

0080. The increased uptake and synthesis of stratum cor 
neum lipid precursors, accompanied by their decreased mito 
chondrial utilization Suggests that these precursors are being 
packed into LB s and delivered to the stratum corneum. 
Increased expression of genes involved in LB formation (AB 
CA12) and secretion (ABHD5) was observed, suggesting 
increased LB delivery to the SC. 
0081. Hexamidine is a known SP inhibitor. Proteases are 
known to degrade the corneodesmosomes, increasing the rate 
of descquamation leading to loss or thinning of the outer-most 
protective cornified layer with resulting diminishment in bar 
rier functioning. This experiment demonstrates that Hexami 
dine likely exerts an effect on lipid formation independent of 
its SP inhibition activity, and the effect is exerted at the level 
of transcriptional regulation. Hence, the present inventors 
have determined that the positive effects of Hexamidine on 
barrier functioning arise from at least two mechanisms. It was 
previously postulated that through protease inhibition Hexa 
midine increases thickness and integrity of the cornified layer, 
thereby discouraging loss of water. In parallel, this experi 
ment Suggests that Hexamidine acts to increase synthesis and 
transport of lipid to the SC also resulting in a thickening and 
strengthening of the stratum corneum. Deficiency in lipid 
content of the SC is known to be associated with an increase 
in keratinocyte proliferation, an increase in cellular turn-over 
and presence of disease states characterized by dry, flaky skin. 

Example 2 
0082. This Example investigates the effects of application 
of a composition containing agents which operate via mul 
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tiple mechanisms to enhance barrier functioning. Specifi 
cally, a skin equivalent culture treated with a composition 
comprising a Hexamidine, Niacinamide and Pentanediol is 
Subjected to a barrier lipid genomic analysis. 
Experimental: Epidermal cultures (Epi 200 Mattek Corp., 
Ashland, Mass.) were treated and harvested at 12, 24 and 48 
hour time points. Total RNA extraction, labeling and hybrid 
ization to AffymetrixTM U133A plus 2 gene chips were con 
ducted. Transcriptional data were Subjected to normalization 
and statistical analysis. 

Results: 

I0083. Significantly, two genes associated with lamellar 
body (LB) secretion, annexin II and abhydorlase containing 
member 5, were up-regulated in the treated cultures. 

Example 3 

I0084. This Example illustrates the transcriptional and 
expressional changes in keratinocyte cholesterol metabolism 
pathway components in the SC upon treatment with a com 
position comprising Hexamidine, Niacinamide and Pen 
tanediol. A Summary of the observed transcriptional changes 
is set forth in FIG. 4. 
Experimental: Experimental design is as set forth in Example 
2 

I0085. The cholesterol synthetic pathway is localized in the 
endoplasmic reticulum (ER). The rate limiting biosynthetic 
step is conversion of 3-hydroxy-3-methylglutaryl-CoA 
(HMG-CoA) to mevalonate, catalyzed by 3-hydroxy-3-me 
thylglutaryl-Coenzyme-A reductase (HMGCR). The activity 
of HMGCR is under transcriptional control mediated through 
sterol-regulatory element binding transcription factor pro 
teins (SREBFs). SREBFs along with other proteins activate 
the transcription of HMGCR and other genes involved in lipid 
metabolism. Increased expression of these transcriptional 
activators Suggests expressional regulation of HMGCR and 
other cholesterol synthetic genes. It is understood that in 
SREBF control of lipid synthesis, SCAP complexes with 
SREBFs on the ER and translocates to the Golgi where mem 
brane-bound transcription factor peptidase site 1 (MBTPS1) 
and site 2 (MBTPS2) proteases cleave SREBFs, ultimately 
releasing the active beta helix-loop-helix fragment which 
trans-locates to the nucleus and activates transcription of 
genes involved in lipid synthesis. Expressional regulation of 
these genes by Hexamidine, Niacinamide and Pentanediol are 
set forth in FIG. 3. 
I0086. In the present experiment, expressional changes in 
HMGCR and other cholesterol synthetic genes were 
observed and are given in the tables set forth in FIG. 4(A). 
Increased expression of HMGCR and other cholesterol syn 
thetic genes is highest at 12hr then decreases over the remain 
ing time points. This is not considered Surprising given that 
transcriptional activation of these genes is under the control 
of a negative feedback loop. 
0087. The amount of cholesterol available for cellular 
needs is influenced by cholesterol influx and efflux process 
ing. The major mechanism by which exogenous cholesterol is 
taken up into a cell is through the low-density lipoprotein 
receptor (LDLr) the expression of which was up-regulated in 
this experiment. Transcriptional up-regulation of several 
genes for proteins involved in processing and transport of 
cholesterol taken up via LDLr were also observed (FIG. 
4.(B)). The major mechanisms by which cholesterol is 
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exported out of a cell are the ATPbinding cassette, sub-family 
A member 1 transporter (ABCA1) an Scavenger receptor 
class B, member 1 (SCARB1), both of which were down 
regulated throughout the time course of the experiment (FIG. 
4(C)). 
0088 Mitochondrial cholesterol utilization also influ 
ences cholesterol availability for cellular needs. An important 
cholesterol-metabolizing enzyme resides on the matrix side 
of the inner mitochondrial membrane, Cyp 27, which con 
verts cholesterol to 27-hydroxycholesterol used for bile acid 
production, a more soluble transport form of cholesterol, and 
a potent repressor SREBF processing. In order for cholesterol 
to be utilized by Cyp27 it must be transported through the 
outer mitochondrial membrane by the peripheral benzodiaz 
epine receptor (BZRP), which showed down-regulation at the 
24-hr time point. Transcription of Cyp27 and other bile acid 
synthetic genes also were observed to be down-regulated in 
the experiment (FIG.4(D)). 
0089 Summarily, changes in transcription of genes regu 
lating cholesterol metabolism by treatment with a composi 
tion comprising Hexamidine, Niacinamide and Pentanediol 
were observed to occur in the following manner: 
0090. Up-regulation of transcriptional activators of 
HMGCR, the rate limiting enzyme, as well as other 
enzymes in the cholesterol synthetic pathway. 

0091 Up-regulation of cellular cholesterol uptake mecha 
nisms. 

0092 Down-regulation of cellular cholesterol efflux 
mechanisms. 

0093 Down-regulation of mitochondrial cholesterol utili 
Zation pathways. 

0094. The increased uptake and synthesis of cholesterol, 
accompanied by its decreased efflux and mitochondrial utili 
Zation, Suggests that cholesterol is being packed into LB and 
delivered to the SC. 

Example 4 
0095. This example illustrates transcriptional changes 
involved in Fatty Acid (FA) metabolism in the SC as a result 
of treatment with a composition comprising Hexamidine, 
Niacinamide and Pentanediol. 
Experimental: experimental design is as set forth in Example 
2. 
0096. The FA synthetic pathway is located in the cyto 
plasm of skin cells. The synthesis of malonyl-CoA is the rate 
limiting step and is catalyzed by acetyl-Coenzyme A car 
boxylase alpha (ACACA), which may therefore be consid 
ered the rate-limiting enzyme. Once malonyl-CoA is formed, 
fatty acid synthase (FASN) catalyzes the reductive synthesis 
of palmitate using one acetyl-CoA, seven amlonyl-coAs, and 
seven NADH. Palmitate is then transported to either the endo 
plasmic reticulum or mitochondria for chain elongation. 
Regulation of ACACA transcription is mediated in part 
through SREBFs, which, along with other proteins, activates 
the transcription of genes involve in lipid metabolism. In this 
experiment, upon treatment with a composition comprising 
Hexamidine, Niacinamide and Pentanediol, increased 
expression of these transcriptional activators was observed 
Suggesting transcriptional regulation of the FA metabolism 
genes. Transcriptional changes in ACACA were also 
observed and are given in FIG. 5(B). Transcriptional changes 
in FA uptake genes are set forth in FIG. 5(C) and transcrip 
tional changes in FA mitochondrial transport genes are set 
forth in FIG. 5(D). 
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0097. In the process of generating acetyl CoA for FA 
synthesis, glucose is first degraded to pyruvate by aerobic 
glycolysis in the cytoplasm. The key enzyme is pyruvate 
kinase (PMK2). Pyruvate is transported into the mitochon 
dria, where it is decarboxylated, forming Actyl CoA and other 
products. The key enzyme is pyruvate dehydrogenase. Acetyl 
CoA then serves as a substrate for citrate synthesis wherein 
the key enzyme is citrate synthase (CS). Citrate is transported 
out of the mitochondria to the cytoplasm where FA synthesis 
occurs, and there is split to generate cytoplasmic acetyl CoA 
for FA synthesis. The key enzyme is ATP citrate lysase 
(ACLY). The process of FA transport across mitochondrial 
membranes also appears to involve proteins transcriptionally 
regulated by the experimental actives. According to the cur 
rent understanding of the process, first cytoplasmic long 
chain fatty acids (LCFAS) are converted to long chain Acyl 
CoA.S. Long Chain Acyl-CoAS are impermeable to the inner 
mitochondrial membrane, so they are converted to long chain 
acyl-carnitine by carnitine palmitoyltransferase 1A 
(CPT1A). Longchain Acyl-carnitine is transported across the 
membrane in exchange for carnitine by carnitine/Acyl-car 
nitine translocase (SLC25A20). Within the mitochondrial 
matrix acyl-carnitine reacts with CoA in a reaction catalyzed 
by carnitine acyltransferase II (CPT2), yielding long chain 
Acyl-CoA ready to undergo beta-Oxidation. 
0098. The observed transcriptional regulation of genes 
involved in producing the Acetyl CoA used for FA synthesis 
provides additional evidence that FA synthesis is up-regu 
lated by the combination of Hexamidine, Niacinamide and 
Pentanediol. The Acetyl-CoA used for FA synthesis is 
derived from pyruvate produced during glycolysis. Expres 
sional changes in the key enzymes discussed above were 
observed and are set forth in FIG. 5(A). 
(0099. It was initially believed that Long LCFAs enter 
eukaryotic cells merely by diffusion through the phospho 
lipid bilayer. Subsequently investigators have discovered that 
in addition to simple diffusion, many cell types possess a 
saturable and competitive process occurring at low concen 
trations, indicative of protein-mediated transport. Proteins 
which have been identified as participating in LCFA transport 
include fatty acid transport proteins (FATPs), long chain acyl 
CoA synthetases (LACs) and CD36. FATPs, LACs and CD36 
are hypothesized to cooperate to facilitate efficient LCFA 
uptake. FIG. 5(C) summarizes transcriptional changes in 
these genes observed in this experiment. The expression of 
FATP (SLC27A2) and two LACs demonstrated up-regula 
tion, while CD36 expression was down-regulated. Interest 
ingly, CD36 appears to be required for FA uptake, primarily 
under conditions of low free fatty acid concentrations and has 
been proposed to concentrate FAS at the cell surface and 
transfer them to FATs. Under the culture conditions of this 
experiment FA would have been in ample supply within the 
culture media, Suggesting accumulation of FA by CD36 is not 
required. Additionally, CD36 is not found in the liver, a tissue 
that has a large capacity to take up FAS, and is present at high 
levels in tissues such as colon and spleen, which display only 
low levels of FA uptake, suggesting that CD36 is not the 
primary FA transporter, and that it performs additional roles 
unrelated to FA uptake. 
0100 Mitochondrial utilization also impacts the level of 
FA in the stratum corneum, rendering it unavailable for other 
cellular needs. Newly synthesized or up-taken FA can be 
utilized by cellular mitochondria for energy production in the 
process of beta oxidation. However, FA must be transported 
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across mitochondrial membranes. FIG. 5(D) illustrates the 
enzymes and transporters required for movement of FA 
across the mitochondrial inner and outer membranes to be 
utilized for energy production. The tabled data shows the 
expression changes of these enzymes observed in this experi 
ment. The down regulation of both SLC25A20 and CPT2 
Suggests that FAS are not being utilized by mitochondria for 
energy production. 
0101 Summarily this experiment demonstrates that a 
composition comprising Hexamidine, Pentanediol, and 
Niacinamide regulates pathways involved in keratinocyte 
fatty acid metabolism in the following manner: 
0102. Up-regulation of transcriptional activators of genes 
involved in FA synthesis 

0103 Up-regulation of ACACA, the rate limiting enzyme 
in the fatty acid synthetic pathway. 

0104. Up-regulation of cellular fatty acid uptake mecha 
nisms 

0105. Up-regulation of key enzymes involved in the gen 
eration of Acetyl CoA use for fatty acid synthesis. 

0106 Down-regulation of mitochondrial fatty acid utili 
Zation pathways. 

0107 The increased uptake and synthesis of fatty acids, 
accompanied by its decreased mitochondrial utilization, Sug 
gests that fatty acids are being packed into LB and delivered 
to the SC. 

Example 5 

0108. This example illustrates how treatment of skin with 
a composition comprising Hexamidine, Niacinamide and 
Pentanediol transcriptionally regulates genes involved in 
Sphingolipid? ceramide metabolism. 
Experimental: Experimental design is the same as described 
in Example 2, above. 
0109 Ceramides are the major lipid component of the 
stratum corneum, accounting for 30-40% of stratum corneum 
lipid content by weight. Human SC contains a heterogeneous 
family of 7 different ceramides (called ceramides 1-7), which 
are produced through specific modifications of two sphin 
golipid precursor molecules; glucosylceramide and sphingo 
myelin. The cellular biosynthetic pathway by which gluco 
Sylceramide and sphingomyelin are produced begins in the 
ER and ends at the Golgi. Serine palmitoyl transferase 
(SPTLC1/2) is the rate-determining enzyme in sphingolipid 
biosynthesis. It condenses serine with palmitoyl-CoA to pro 
duce 3-dehydrosphinganine, which undergoes further enzy 
matic modifications to produce ceramide. Once produced, the 
ceramide is transported from the ER to the Golgi by two 
different mechanisms dependant upon whether it is utilized 
for glucosylceramide or sphingomyelin production. Ceram 
ide destined for sphingomyelin production is transported by a 
cytosolic protein, Ceramide transport protein (CERT) in an 
ATP-dependant manner. In contrast, ceramide utilized for 
glucosylceramide production is transported in a non-ATP/ 
CERT dependant manner. Once translocated to the Golgi, 
ceramide is enzymatically modified to form the SC ceramide 
precursors glucosylceramide and sphingomyelin. Expres 
sional regulation of these genes by Hexamidine, Niacinamide 
and Pentanediol are set forth in FIG. 6(A). 
0110. Once synthesized, glycosylceramide and sphingo 
myelin are packed into LBs, and then released into the SC 
extracellular space following LB fusion with the plasma 
membrane of granularkeratinocytes. Upon treatment with the 
test composition, the up-regulation of two genes involved in 
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LB Secretion; Annexin A2 and Abhydrolase domain contain 
ing 5 (FIG. 6(B)) was observed, suggesting an increase in LB 
secretion. Within the SC extracellular space these “precursor 
lipids are acted upon by specific enzymes to produce the 
mature SC lamellar lipid matrix and corneocyte lipid envelop 
(CLE). 
0111 Processing of glycosylceramide is of particular 
importance, as it results in the formation of co-OHCeramide, 
which serves as the attachment point between the ceramide 
and specific amino acids of corneocyte envelop proteins. 
B-Glucosidase (GBA) is responsible for converting ()-OH 
glycosylceramide to (D-OH Ceramide. The activity of B-Glu 
cosidase is dependent upon the presence of an “activator 
protein', Saposin C, which properly positions the enzyme for 
glucose moiety cleavage. Four different Saposins are found 
within the human epidermis (SAP A-D), each derived by 
proteolytic processing of a common precursor protein, pro 
saposin. Following this conversion, a portion of the (D-OH 
Ceramide undergoes further modification to produce (D-OH 
fatty acid, which may facilitate later descquamation, perhaps 
by reducing the interaction between CLE and unbound cera 
mide in the SC lamellar lipid matrix. 
0112 The processing of Sphingomyelin to SC ceramides 
1 and 5 is carried out by Sphingomyelin phosphodiesterase 1 
(SMPD1). However, given that only two of the seven known 
human SC ceramide species are generated in part by Sphin 
gomyelin hydrolysis, and that all seven major SC ceramides 
are derived from glycosylceramide precursors, the glycosyl 
ceramide-to ceramide pathway appears to have a more critical 
role for generating the full spectrum of SC ceramide species. 
FIG. 6(C) summarizes the expressional changes in glycosyl 
ceramide and sphingomyelin "precursor processing path 
ways observed in this experiment. 
0113 Summarily, treatment of skin with a composition 
comprising Hexamidine, Niacinamide and Pentanediol is 
observed to transcriptionally modify pathways involved in 
keratinocyte sphingolipid metabolism in the following man 

0114. Up-regulation of serine palmitoyltransferase, the 
rate-limiting enzyme, as well as other enzymes in the epi 
dermal sphingolipid synthetic pathway. 

0115 Up-regulation of carrier-mediated ceramide trans 
port mechanisms 

0116. Up-regulation of genes involved in lamellar body 
secretion 

0117 Up-regulation of glycosylceramide processing 
pathways 

0118. The ultimate metabolic result is an increased syn 
thesis and transport of sphingolipids, accompanied by up 
regulation of genes involved in LB secretion, Suggesting 
increased delivery of ceramide “precursors' to the SC. This 
increased delivery is also associated with an up-regulation of 
glycosylceramide processing pathways, suggesting Subse 
quent conversion to mature SC ceramide species. 

Example 6 

0119 This Example illustrates an improved method for 
assessing the corneocyte maturity level in human skin. The 
novel methods derive from a known method described by 
Hirao et al (Exp Dermatol 2001: 10: 35-44). Corneocyte 
envelopes (CE) are made up of several different proteins, one 
of which is involucrin, that are highly cross-linked to produce 
the insoluble (hydrophobic) structure of the SC corneocytes. 
Hirao described a tape stripping method for simultaneously 
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identifying “mature' and “immature' corneocytes. The 
method is based upon staining with nile red (red fluores 
cence), which characterizes corneocyte hydrophobicity, and 
involucrin (green fluorescence) staining, which characterizes 
the degree of cross-linking. The premise for this identification 
is that fully “mature' CEs would stain only with nile red 
because the epitope for the involucrin antibody would not be 
recognized due to the high degree of cross-linking. In con 
trast, “immature' CE would stain solely with involucrin 
because of the lack of cross-linking. CE in between these two 
extremes stain for both, giving differential levels of yellow. 
Successive tape Stripping, demonstrates that the ratio of fully 
mature (red) and fully immature (green) corneocytes changes 
at different levels of the SC. Generally, the methods of Hirao 
and the presently adapted method may be compared as fol 
lows: 

Method: 

I0120 1) Extraction: The Hirao extraction method is 
modified for the use of D-Squame?R tape strips, a gold 
standard clinical tape. Inspection of the tape strips for 
Eosin Ystained corneocytes before extraction, and after 
extraction reveal that the method efficiently extracts 
intact corneocytes from D-Squame tapes. 

I0121 2) Staining: The Hirao methods were modified to 
reduce nile red background staining experienced when 
using D-Squame tapes. 

Image Analysis: The instant methods employ Image Pro Plus 
software to conduct image analysis. Each corneocyte that was 
detected was designated with an object number, collect area 
(size) data (Lum), and the intensity and density data for red 
and green signals were calculated. Based on the ratio of red 
and green signals, the corneocytes are classified into one of 
five categories: red, mostly red, 50/50, mostly green, or green. 
The scale used for corneocyte classification in accordance 
with this method is set forth as FIG. 7. 

Example 7 

0122 Illustrates treatment with a cosmetic composition 
according to the invention effective for increasing/promoting 
corneocyte maturity. 
0123 Corneocytes consist of a stabilized array of keratin 
filaments contained within a covalently cross-linked corni 
fied envelope. Fully mature corneocytes located in the outer 
SC layers, are characterized by being relatively large, very 
hydrophobic and highly cross-linked when compared to 
immature corneocytes of deeper SC layers. Immature corneo 
cytes in the outer SC are known to be associated with poor 
barrier function. In this experiment skin is treated with a 
cosmetic formulation comprising Hexamidine, Niacinamide, 
Pentanediol and Pal-KT and biomarkers of corneocyte matu 
rity Such as size, hydrophobicity and degree of cross-linking 
are assessed as indicative of barrier function. 

Methods: 

0.124. The cosmetic formulation exemplified herein com 
prises 5% Niacinamide, 0.1% Hexamidine, 3% Pentanediol, 
and 5.5 ppm Pal-KT. 
0.125 20 female subjects (40-60 yrs old) applied the test 
cosmetic formulation to one side of their face twice daily for 
4 wks, while the other side served as a non-treatment control. 
D-Squame?R tapes were collected at baseline and 4 wks from 
an area just below the outside corner of the eye on both the 
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treated and non-treated sides. Corneocytes were extracted 
from the 1st tape and double stained with nile red and an 
anti-involucrin antibody to evaluate the degree of hydropho 
bicity and envelope cross-linking. Corneocyte size (um) and 
staining intensity (red:green signal) for each corneocyte were 
measured microscopically using Image-Pro Plus R. Based 
upon the redigreen signal ratio, the corneocytes were classi 
fied as red, mostly red, 50/50, mostly green, or green. FIG. 7 
shows the scale developed by the present inventors and used 
for corneocyte classification. This is in contrast to the method 
disclosed by Hirao which relies on visual inspection, assign 
ing a classification of either “red’ or “green” to each identi 
fied corneocyte, and calculating a ratio. 

Results: 

0.126 A visual increase in fully mature (red) corneocytes 
with 4 wks of treatment compared to non-treatment samples 
was observed. Figure X sets forth the results of two-tailed 
paired t-tests comparing corneocyte staining classifications 
and size (area) of non-treated Samples to those treated with 
the cosmetic formulation. FIG. 8(A) sets forth the change in 
corneocyte maturity of treated vs. non-treated skin sites while 
FIG. 8(B) sets forth the change in corneocyte size of treated 
vs. non-treated skin sites. 

Corneocyte Stain Classification: 
I0127 Compared to control, there was a significant 18% 
(p=0.002) increase in the percentage of nile red staining fully 
mature corneocytes as a proportion of the total population of 
corneocytes. Additionally there was a significant decrease in 
fully immature corneocytes (p=0.067), as well as “less 
mature' corneocytes (p=0.038). 

Corneocyte Area: 

I0128 Concurrent with the higher number of mature cor 
neocytes, there was also a significant 20% (p=0.01) increase 
in the size of mature corneocytes compared to control 
samples. A significant increase in size was also observed in 
“less mature' corneocytes (p=0.035). 
I0129. The observed improvement of corneocyte maturity 
biomarkers suggests that use of the cosmetic compositions 
comprising Hexamidine, Niacinamde, Pentanedio and Pal 
KT promotes a more mature SC. This SC contains larger, 
more hydrophobic corneocytes at the Surface, providing 
greater tortuosity and better covalent bonding of SC intercel 
lular lipids to protect the skin and prevent water loss. 

Example 8 

0.130 Illustrates upregulation of biomarkers for skin 
hydration status by treatment with cosmetic compositions 
comprising Hexamidine, Niacinamide, Pentanediol. 

Methods: 

I0131. A multiplex mRNA analysis was conducted. RNA 
was isolated from neonatal human keratinocytes. Neonatal 
human keratinocytes (Cascade Biologics # C-001-5C) were 
grown to 40% confluence in 6-well tissue culture plates then 
treated with compounds for 24 hours (3 replicates per treat 
ment). The treatments included several concentrations of 
Hexamidine, Niacinamide, and/or Pentanediol. Additionally, 
0.00194% (100 uM) caffeine and no-treatment controls were 
performed. 
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0132) Several targets were measured with Panomics 
QuantiGene Plex Assay kit, a multi-analyte quantitative 
bead-based assay. The fluorescence intensity values, mea 
sured by a Bio-Rad Bio-Plex 100 instrument, for those 
samples yielding Sufficient RNA are shown for Aquaporin 3. 
CDD44 antigen, and Claudin 1. Also measured were Glycer 
aldehyde-3-phosphate dehydrogenase, Collagen 1C2, Filag 
grin, Serine palmitoyltransferase, Interleukin 1.3-hydroxy 
3methylglutaryl-coenzyme A reductase, and Interferon 
gamma. 

Results: 

0.133 Charts depicting results are set forth as FIG. 11(A) 
and (B). The charts show expression levels measured by the 
Panomics method in response to the treatment conditions. 
Aquaorin 3, the water/glycerol channel in skin which has 
been shown to be an indicator of skin moisturization benefits, 
is upregulated by both Hexamidine and Pentanediol treat 
ments. However, the combination of Niacinamide, Hexami 
dine, and Pentanediol Surprisingly upregulates Aquaporin 3 
expression in a synergistic fashion above the expression level 
of no treatment. A similar pattern of up-regulation is also seen 
with the molecular endpoints CD44 (a hyaluronic acid recep 
torprotein) and Claudin 1 (a tightjunction protein) (graph not 
depicted). The data show the increased potency of the com 
bination technology in achieving moisture and skin barrier 
endpoints over the individual actives alone. 

Example 9 

0134 Illustrates effects of Galactomyces Ferment Filtrate 
(GFF) on epidermal barrier marker Caspase-14 inhuman skin 
cells as measured via expression of late differentiation biom 
arkers. 
0135. As noted above, the SC of human epidermis is com 
posed of terminally differentiated keratinocytes serving as an 
essential barrier to environmental stresses, such as UV 
induced photodamage, and water loss. The regulatory and 
proteolytic events that coordinate barrier formation are 
tightly controlled. Caspase-14 belongs to a conserved family 
of aspartate-specific proteases. Its epidermal expression is 
restricted almost exclusively to the Suprabasal layers, impli 
cating this protease in keratinocyte terminal differentiation 
and cornification. Thus, caspase-14 is a useful biomarker to 
monitor formation and homeostasis of the SC barrier. 
013.6 Galactomyces Ferment Filtrate (GFF) is a known 
moisturizing agent in cosmetics. In previous studies the 
present inventors demonstrated that it has several beneficial 
effects on human skin, such as antioxidant effects through 
activation of ARE-related genes in human skin cells and 
induction of hyaluronan production in epidermal cells. The 
focus of this experiment is caspase-14 in order to elucidate 
further the effects of GFF on human epidermis. 

Experimental: 

0.137 In vitro human skin models, including skin kerati 
nocytes and skin equivalents (SE) with partially (EPI-201) or 
completely formed (EPI-200) stratified, cornified epidermis 
were treated topically with GFF or Dexamethasone (Dex). 
The SE models were cultured in EPI-10OMM medium with 
out hydrocortisone. GFF was diluted with distilled water and 
added to stratum corneum surface of the skin cultures. Dex 
and RU-486 (a glucocorticoid receptor antagonist) were 
added to culture medium of the models. For western blot and 
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caspase-14 (cas-14) analysis, protein was extracted from SE 
models in PBS by sonication. The data were compared using 
the Tukey's test. Differences were considered significant at 
p<0.05. 
I0138 Results: (set forth in FIG.9) 
I0139 EPI-201 model (A) and EPI-200 model (B) were 

treated with Dex (100 nM) or GFF for 24 h and gene 
expression was analyzed by realtime PCR analysis. GFF 
increased expression of transglutaminase (TGM1), profil 
aggrin (Prof), caspase-14 (Cas-14) and peptidylarginine 
deiminase (PAD) 1 and 3, while Dex increased only the 
expression of Cas-14 in the EPI-201 model. In the EPI-200 
model, GFF promoted the gene expression of Prof. Cas-14, 
PAD1 and PAD3, while Dex induce only Cas-14. The data 
indicate that GFF promotes gene expression and barrier 
formation of epidermis in vitro. 

0140. The induction mechanism of caspase-14 in EPI 
models is illustrated in FIG. 10. 

01.41 EPI models were treated with 100 nM of Dex or 
25% of GFF for 24h in the presence of 1 mM of RU-486, 
a glucocorticoid receptor antagonist. In both skin equiva 
lent models, RU-486 inhibited the effects of Dex but not 
GFF, suggesting independent pathways Such as MAPK 
may be involved. FIG. 9(A) sets forth Western blot analy 
ses of pro-caspase-14 expression. 

0142 EPI-201 model (A) and EPI-200 model (B) were 
treated with 100 nM of Dex or 25% of GFF for 24 h. 
Pro-caspase-14 was detected with specific antibody, and 
b-actin was used as internal standard. In the EPI-201 
model, GFF and Dex increased pro-caspase-14, which cor 
responds to the RT-PCR analyses. In EPI-200 model, 
caspase-14 was not induced significantly. These data may 
indicate that caspase-14 was controlled in a differentiation 
dependent manner. 

0143 FIG. 9(B) sets forth effects of Dex and GFF on 
enzymatic activity of caspase-14. 

0144) EPI-201 model (A) and EPI-200 model (B) were 
treated with 100 nM of Dex or 25% of GFF for 24 h. The 
enzymatic activity of caspase-14 was measured with 
WEHD-pNA as a substrate. In the EPI-201 model, 
caspase-14 activity was increased by GFF or Dex, though 
not significantly. Caspase-14 is known to be activated by 
proteolytic post-translational modification. These data 
indicate that activation of caspase 14 activity by GFF or 
Dex. is affected by the level of terminal differentiation of 
the skin model. 

Conclusion: 

0145 These results indicate that GFF increases caspase 
14 expression by epidermal cells, specifically during late 
stage differentiation. 

Sequence Listing Designations 

0146 SEQID NO:1 Homo sapiens serine palmitoyltrans 
ferase, long chain base subunit 1 (SPTLC1), transcript 
variant 1 

0147 SEQID NO:2 Homo sapiens serine palmitoyltrans 
ferase, long chain base subunit 1 (SPTLC1), transcript 
variant 2 

0148 SEQID NO:3 Homo sapiens serine palmitoyltrans 
ferase, long chain base subunit 2 (SPTLC2) 

0149 SEQID NO:4 Homo sapiens LAG1 homolog, cera 
mide synthase 2 (LASS2), transcript variant 2 
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0150 SEQID NO:5 Homo sapiens LAG1 homolog, cera 
mide synthase 2 (LASS2), transcript variant 1 

0151 SEQID NO:6 Homo sapiens LAG1 homolog, cera 
mide synthase 4 (LASS4) 

0152 SEQID NO:7 Homo sapiens LAG1 homolog, cera 
mide synthase 5 (LASSS) 

0153. SEQID NO:8 Homo sapiens LAG1 homolog, cera 
mide synthase 6 (LASS6) 

0154 SEQID NO:9 Homo sapiens degenerative sperma 
tocyte homolog 1, lipid desaturase (Drosophila) (DEGS1), 
transcript variant 1 

0155 SEQID NO:10 Homo sapiens degenerative sperma 
tocyte homolog 1, lipid desaturase (Drosophila) (DEGS1), 
transcript variant 2 

0156 SEQID NO:11 Homo sapiens degenerative sperma 
tocyte homolog2, lipid desaturase (Drosophila) (DEGS2), 
mRNA 

(O157 SEQ ID NO:12 Homo sapiens UDP-glucose cera 
mide glucosyltransferase (UGCG 

0158 SEQ ID NO:13 Homo sapiens glucosidase, beta; 
acid (includes glucosylceramidase) (GBA), transcript vari 
ant 1 

0159 SEQ ID NO:14 Homo sapiens glucosidase, beta; 
acid (includes glucosylceramidase) (GBA), transcript vari 
ant 2 

0160 SEQ ID NO:15 Homo sapiens glucosidase, beta; 
acid (includes glucosylceramidase) (GBA), transcript vari 
ant 3 

0161 SEQ ID NO:16 Homo sapiens glucosidase, beta; 
acid (includes glucosylceramidase) (GBA), transcript vari 
ant 4 

0162 SEQ ID NO:17 Homo sapiens glucosidase, beta; 
acid (includes glucosylceramidase) (GBA), transcript vari 
ant 5 

0163 SEQ ID NO:18 Homo sapiens glucosidase, beta; 
acid, pseudogene GBAP), non-coding 

0164 SEQID NO:19 Homo sapiens sphingomyelin phos 
phodiesterase 1, acid lysosomal (SMPD1), transcript vari 
ant ASM-1 

0.165 SEQID NO:20 Homo sapiens sphingomyelin phos 
phodiesterase 1, acid lysosomal (SMPD1), transcript vari 
ant ASM-2 

0166 SEQID NO:21 Homo sapiens sphingomyelin phos 
phodiesterase 1, acid lysosomal (SMPD1), transcript vari 
ant ASM-3, non-coding RNA 

0167 SEQID NO:22 Homo sapiens sphingomyelin phos 
phodiesterase 2, neutral membrane (neutral sphingomyeli 
nase) (SMPD2) 

(0168 SEQ ID NO:23 Homo sapiens 3-hydroxy-3-meth 
ylglutaryl-Coenzyme A synthase 1 (soluble) (HMGCS1), 
transcript variant 1 

(0169 SEQ ID NO:24 Homo sapiens 3-hydroxy-3-meth 
ylglutaryl-Coenzyme A synthase 1 (soluble) (HMGCS1), 
transcript variant 2 

(0170 SEQ ID NO:25 Homo sapiens 3-hydroxy-3-meth 
ylglutaryl-Coenzyme A reductase (HMGCR), transcript 
variant 1 

(0171 SEQ ID NO:26 Homo sapiens 3-hydroxy-3-meth 
ylglutaryl-Coenzyme A reductase (HMGCR), transcript 
variant 2 

0172 SEQ ID NO:27 Homo sapiens mevalonate kinase 
(MVK), transcript variant 1 

(0173 SEQ ID NO:28 Homo sapiens mevalonate kinase 
(MVK), transcript variant 2 
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0.174 SEQID NO:29 Homo sapiens phosphomevalonate 
kinase (PMVK) 

(0175 SEQID NO:30 Homo sapiens mevalonate (diphos 
pho) decarboxylase (MVD). 

0176 SEQID NO:31 Homo sapiens isopentenyl-diphos 
phate delta isomerase 1 (IDI1) 

(0177 SEQID NO:32 Homo sapiens farnesyl diphosphate 
synthase (farnesyl pyrophosphate synthetase, dimethylal 
lyltranstransferase, geranyltranstransferase) (FDPS), tran 
Script variant 2 

(0178 SEQID NO:33 Homo sapiens farnesyl diphosphate 
synthase (farnesyl pyrophosphate synthetase, dimethylal 
lyltranstransferase, geranyltranstransferase) (FDPS), tran 
script variant 3 

(0179 SEQID NO:34 Homo sapiens farnesyl diphosphate 
synthase (farnesyl pyrophosphate synthetase, dimethylal 
lyltranstransferase, geranyltranstransferase) (FDPS), tran 
Script variant 1 

0180 SEQID NO:35 Homo sapiens farnesyl-diphosphate 
farnesyltransferase 1 (FDFT1) 

0181 SEQID NO:36 Homo sapiens squalene epoxidase 
(SQLE) 

0182 SEQ ID NO:37 Homo sapiens lanosterol synthase 
(2,3-oxidosqualene-lanosterol cyclase) (LSS), transcript 
variant 2 

0183 SEQ ID NO:38 Homo sapiens lanosterol synthase 
(2,3-oxidosqualene-lanosterol cyclase) (LSS), transcript 
variant 3 

0.184 SEQID NO:39 Homo sapiens lanosterol synthase 
(2,3-oxidosqualene-lanosterol cyclase) (LSS), transcript 
variant 4 

0185. SEQ ID NO:40 Homo sapiens lanosterol synthase 
(2,3-oxidosqualene-lanosterol cyclase) (LSS), transcript 
variant 1 

0186 SEQ ID NO:41 Homo sapiens cytochrome P450, 
family 51, subfamily A, polypeptide 1 (CYP51A1), tran 
Script variant 1 

0187 SEQ ID NO:42 Homo sapiens cytochrome P450, 
family 51, subfamily A, polypeptide 1 (CYP51A1), tran 
Script variant 2 

0188 SEQ ID NO:43 Homo sapiens sterol-C4-methyl 
oxidase-like (SC4MOL), transcript variant 2 

(0189 SEQ ID NO:44 Homo sapiens sterol-C4-methyl 
oxidase-like (SC4MOL), transcript variant 1 

(0190 SEQID NO:45 Homo sapiens sterol-C5-desaturase 
(ERG3 delta-5-desaturase homolog, S. cerevisiae)-like 
(SCSDL), transcript variant 2 

(0191 SEQID NO:46 Homo sapiens sterol-C5-desaturase 
(ERG3 delta-5-desaturase homolog, S. cerevisiae)-like 
(SCSDL), transcript variant 1 

(0192 SEQ ID NO.47 Homo sapiens NAD(P) dependent 
steroid dehydrogenase-like (NSDHL), transcript variant 2 

(0193 SEQ ID NO:48 Homo sapiens NAD(P) dependent 
steroid dehydrogenase-like (NSDHL), transcript variant 1 

(0194 SEQ ID NO:49 Homo sapiens 7-dehydrocholes 
terol reductase (DHCR7), transcript variant 2 

(0195 SEQ ID NO:50 Homo sapiens 7-dehydrocholes 
terol reductase (DHCR7), transcript variant 1 

(0196) SEQID NO:51 Homo sapiens low density lipopro 
tein receptor (LDLR) 

(0197) SEQ ID NO:52 Homo sapiens scavenger receptor 
class B, member 1 (SCARB1), transcript variant 2 

(0198 SEQ ID NO:53 Homo sapiens scavenger receptor 
class B, member 1 (SCARB1), transcript variant 1 
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(0199 SEQ ID NO:54 Homo sapiens ATP-binding cas 
sette, sub-family A (ABC1), member 1 (ABCA1) 

(0200 SEQ ID NO:55 Homo sapiens ATP-binding cas 
sette, sub-family G (WHITE), member 4 (ABCG4), tran 
Script variant 2 

0201 SEQ ID NO:56 Homo sapiens ATP-binding cas 
sette, sub-family G (WHITE), member 4 (ABCG4), tran 
Script variant 1 

(0202 SEQID NO:57 Homo sapiens citrate synthase (CS), 
nuclear gene encoding mitochondrial protein 

0203 SEQ ID NO:58 Homo sapiens ATP citrate lyase 
(ACLY), transcript variant 1 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 65 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2780 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

13 
Oct. 27, 2011 

(0204 SEQ ID NO:59 Homo sapiens ATP citrate lyase 
(ACLY), transcript variant 2 

(0205 SEQID NO: 60 Homo sapiens acetyl-Coenzyme A 
carboxylase alpha (ACACA), transcript variant 1 

0206 SEQID NO:61 Homo sapiens acetyl-Coenzyme A 
carboxylase alpha (ACACA), transcript variant 3 

0207 SEQID NO:62 Homo sapiens acetyl-Coenzyme A 
carboxylase alpha (ACACA), transcript variant 4 

(0208 SEQID NO:63 Homo sapiens acetyl-Coenzyme A 
carboxylase alpha (ACACA), transcript variant 5 

(0209 SEQID NO:64 Homo sapiens acetyl-Coenzyme A 
carboxylase alpha (ACACA), transcript variant 265/Homo 
sapiens fatty acid synthase (FASN) 

<4 OOs SEQUENCE: 1 

gcgcttgttga ccc.gc.ct tcc ggaaggaagc ggctaactat gg.cgaccgcc acggagcagt 60 

gggttctggt ggagatggta Caggcgctitt acgaggct CC tottaccat cittattittgg 12O 

aagggattct gatcc totgg ataat cagac ttcttittctic talagacittac aaattacaag 18O 

aacgatctga tottacagtic aaggaaaaag aagaactgat taagagtgg calaccagaac 24 O 

citcttgttcc tic ctdtcc.ca aaagaccatc ct gct ct caa ctacaa catc gttt caggcc 3 OO 

ctic caa.gc.ca caaaactgtg gtgaatggala aagaatgitat aaactitcqcc to atttaatt 360 

ttcttggatt gttggataac cctagggitta aggcagcagc tittagcatct ctaaagaagt 42O 

atggcgtggg gaCttgtgga cccagaggat tt tatggcac atttgatgtt catttggatt 48O 

tggaagaccg cctggcaaaa tittatgaaga Cagaagaagc cattatatac toatatggat 54 O 

ttgccaccat agc.ca.gtgct attcc togctt actictaaaag agggga catt gttitttgtag 6 OO 

atagagctgc ctgctttgct attcagaaag gattacaggc at CC cqtagt gaCattaagt 660 

tatttaa.gca taatgacatg gctgacctic agcgact act aaaagaacaa gagat.cgaag 72O 

atcaaaagaa to Ctc.gcaag gCtcgtgtaa ct cqgcgttt cattgtagta galaggattgt 78O 

atatgaatac toggaactatt tdtcct citt c cagaattggit taagttaaaa tacaaataca 84 O 

aagcaagaat ct tcctgag gaaagcc titt catttggagt cc taggagag catggc.cgag 9 OO 

gag to actga acactatgga at caatattg atgatattga tott at cagt gccaacatgg 96.O 

agaatgcact togcttctatt ggaggitttct gctgtggcag gttcttttgta attgac catc 102O 

agcgactitt c cqgcc aggga tactgcttitt cagottcgtt acct coccitg ttagctgctg 108O 

cagcaattga gg.ccct Caac at catggaag agaatcCagg tatttittgca gtgttgaagg 114 O 

aaaagtgcgg acaaatt cat aaagctttac aaggcattt C togattaaaa gtggtggggg 12 OO 

agt cc ctitt C to cagcc titt cacct acaac togalagagag cactgggtct cqcgagcaag 1260 

atgtcagacit gcttcaggaa attgtagat c aatgcatgaa cagaagtatt go attaactic 132O 

aggcgc.gct a cittggagaaa galagagaagt gtct Coctoc toccagcatt cqggttgtgg 138O 

to acggtgga acaaacagag galagaactgg agagagctgc gtccaccatc aaggagg tag 144 O 
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attctattgg acaatggcaa tat caacaat gaggaaaatt actgaagaat aagtttccat 2580 

aagttct cota catagoagtg ttatt tatgt acagataaga aaaccatatgtcago caaag 264 O 

attittatc to ttcttctaac ttittagtaag aggaaaaagg gattataaaa ccctt cataa 27 OO 

atcaagaagg ccatcactta gaacgaac cc caaacaaaaa togc cataata taaatgtgtg 276 O 

aatcagggct gtgaagacaa cagcagaaat gctaacaagc gtgcagaaac accagagagt 282O 

gcqtat cotg ct cagaac cattcacattta attcaattct toggaaaaaat taaagcttitt 288O 

tgcc cacaat ttgcaatctg togggittaata gttaaaagaa tott.cccaac caaaaaattic 294 O 

ttaccgtaat attatat citt gcc ct actta tttacaaaat aatatgtttic tdt tatggit c 3 OOO 

cittagtaata attgaagagg cittagaaata catctgcttgtttattgaga aaacgatgca 3 O 6 O 

aataattctg cittittagagc cittgttattt tattt cacaa aac aggcata tdtctaggag 312 O 

tgtaatttgt ggatggttga gtttgtaaga acaat catala aaggacttgt tagt cto cag 318O 

aacatctgct aaaatgcaag tatatgtata agg taatago at attacagc tigaaaattitt 324 O 

gaga aggtaa aagttt citta attaaaatat gaa catattt agcttgctitt agtgtctggg 33 OO 

gcaagt cct c ticaatggcta aaattaactt tagagat coa totgttcagg tittagat cat 3360 

atgacactic agcacagaag aataattt ca aggaggt cat Cttgtaaatt alaaggtttag 342O 

aagaattgca taaaacgtag taaatggggt Ctgtc attag caaaggcaaa tictaa.gcaat 3480 

catttitt.ccc cccagaagtt acttagaagg agaactggga acacttgggg tot ct ctaac 354 O 

tgatggcatt cactitcacac agt cqtctat gttatccaga gatttittatt to attittaca 36OO 

ttittagggca cagttctttggggctaatta aaatggggtt to aggcttt ttatggtgaa 366 O 

gaataatata t citctgtcta tagctitt.ccc atggtag cct gataaggct g agagagaaaa 372 O 

atatgtgcag tat ct catcc ticc cc ctdta ccaggccata gctittgaagt g tattttgta 378 O 

aattcaacta taggittagt c agaatgctgt tttitcgittaa tta acttagc ctdtgttgat 384 O 

atct cotcct tcc tdgtcac attcaaacct tcc cagagta caaaggggta totagaaagg 3900 

attic cagaag aagtaatact ttatt citcta atgttaatag ctitttctgga t ct cittagta 396 O 

gggggaaagt agaaaatcga gtagaatttg gcct Cagg to aataaatgat ataaaaacat 4 O2O 

gtgttctatt tatgtatata tatgtatgtt tot coaaaaa gtgataaaac caaaatat ca 4 O8O 

ctgact catc cct acc cata ttcttitt cat aaaac cc act caccagg tac aatagaaact 414 O 

t ccctic ctitg tttgtcagcc ticcitgttcat gttc.cccaca cacctgaagg togg tagaatc 42OO 

ttitt cago: ct cittagc.cagt gagctaaata tdgctaag.ca caggit cataa gag caccitaa 426 O 

ggc.ca.gcata taa.gc.caact acagttcacc titt coaaatt togg to citat g gatgttgagc 432O 

at agggaagc aactict cagt attittggatt attcaagtgt atgtggtaala aatgcagatg 438 O 

attgctgctt taccc.caggg titt attagca toc tact tct gctgggctgc at cattatat 4 44 O 

aatgcc acag gCatct agtc. alaggtaaaga agc.ca.gaaag gttaggcaag aagtgagata 4500 

aaat cagat.c acctittgatc aaaatggttg gtgaacctico acatgtc.cag ttctgttgcc 456 O 

aaactitt.cca ttcagagtat ttggtggagt ttgaatttga gcaaactaaa togc ctitcatc 462O 

ttagg tagaa agggcc tdaa tottccattt tatattoaaa cct cattgtt atttggccta 468O 

agtaaaaagt cagattt cat titc catttac ctdagttcgc tittaaagagc titt to aaaga 474. O 

gagctittata gacacccaca attgtc.ccca atctott cat gatgttgcat taatagttgt 48OO 
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atgacctagg agagtttcca tatggattgt ttgaacttgt cqttagtata at atctitt.cc 6OO 

t ctittitt cac togacatgttc atc tactgga t t cacagagg cct tcatcat agactggitat 660 

ataag.cgcct acataa acct caccatattt ggaagatt.cc tactic cattt gcaagt catg 72 O 

cittitt caccc tattgatggc titt Cttcaga gtc.tacctta ccatatatac ccttittatct 78O 

titcc attaca caaggtggitt tatttaagtic tdtacat citt ggittaatatic toggacaatitt 84 O 

c catt catga cqgtgattitt cqtgtc.cccc aaatc.ttaca gcc atttatt aatggct cag 9 OO 

ct catcatac agaccaccat atgttctittg actataatta toggacaat at titcactttgt 96.O 

gggataggat toggct cattcaaaaatc Ctt catcCtt taggggaag ggaccgctica O2O 

gttatgtgaa ggagatgaca gagggaaagc gcagcagcca ttcaggaaat ggctgtalaga O8O 

atgaaaaatt attcaatgga gagtttacaa agactgaata gattattgcc cagittattot 14 O 

taagtaagga caaagaagga aatat catcg tattt cittitt ttittaataag gaaaaaataa 2OO 

tatic cataca gtcaagatac at agtaaatg gitat catttg gaaat cagoa togtgggcac 26 O 

tgctgaggaa tatcc tagt gg taggtoag aagaagatgc tigtgaac acc aggactittaa 32O 

t cittatgctt aaaatgccag atgttgttcg ggggacaact tdtat ctitt c tag cagoaga 38O 

tctgtag titt gtatagoc to aacaacaatt ttaaataaga tiggagaataa attattgagg 44 O 

ggac taggct atatgcattt gcc tt catcc acc catgttt attaagaatc attgttgctta SOO 

ataataccaa gactaa.gcac cataaccalag aaatactaat gtaaagattg tttcttgttt 560 

caggaatggit taattctt.ca acgttggitat gataatgata acttgttittg acttgaataa 62O 

agtact acat cagtgtggaa aaaaattctgata cattagc agctatotaa atgacctaat 68O 

tgatagcagg togtaataaga citat cqtctt cotacacata ggaggct cat t citctggaca 74 O 

cactat cacc tattacattt tactgattaa caaataaatt ggaatttaaa aatat cqata 8OO 

t cac catgat ttaatccaga t ctdggatta totagotaaa cattgttgatg attattattt 86 O 

aaaaccatta tittaataaga gtaaaaatat gtgaatctgg atatatttaa aaaaagaaat 92 O 

ttgatgcc.ca gataatatat taggcactac tdatttittta gttaaattga tigcactacac 98 O 

ttittgatgtt tdaagttaca aacct gtaat tttitttgtaa aggaaataat togccaaatac 2O4. O 

c taggcc.cat tdctgacg at tagttctaaa at cittatt co to citc.ttctic ccct cactitt 21OO 

t ccc tact tc citctgcaaaa agatttaa.ca aatacattca taaggaaatg tdtgttgtaa 216 O 

caaatatatt gcaaaaac at agtttgtaaa gcc attctat aagct attta totaaaatca 222 O 

ataaaagttg at cataatta aactgtatica gttgagtatt atago agcac aaagtattot 228O 

ttgtacagat tttgttgccaa tittgaagcca cagaaatgat gtggattgtt aattgttgttt 234 O 

tagaac at CC ccggacactic agtgtcacag ggggaaagaa gtggg tacca cattctgttt 24 OO 

at attt caca ttittaactag atttgagtgt ttittagcaag aaatcagtct taaaatctaa 246 O 

tgtctgggat coagaagaaa atgtc.tttaa totgtgagtt attgtcacaa tdt catc.tta 252O 

tittaaatgta cca attagca ttttgtaata ggcaaatgtc atttagtgct titt caccaat 2580 

cc cact cacc cccggtgctic cqc cttgcct aagaaaaaga aattaaggag aagtaaactt 264 O 

tattitcctaa tataatgtca gctgatattt attgagcttt to citc.tttgc ccagagacita 27 OO 

ggacccaaag aagttaagta act attcc.ca ggtttatttic tict ct catat gatgtcc cat 276 O 

gtggatgttt gtggtcagtg gacagctitt C Cacct agtct ttctg.cgacc Caggctic Ctt 282O 
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agatgaatca gtact acaag gactggittag agggttgaat gaatctgtat acticago act 516 O 

taacacagca citctgggtaa aagaaaaaag atcct caaag at attagttg gttacat caa 522 O 

gaaaggacaa act taggitta atctataact t catctgaga ggaac aggala Ctttggagat 528 O 

aaac agggct ctdccacttg caagttgcac catcc ctdgt ttct c catct gtaaattgat 534 O 

taaaac actg cct atctaat aagattaaat aagttagaag cattcagtta aatgtcaact 54 OO 

gaaact attgttcatgitaaa ttgtgcttga tigctttittct ttctagattic aatgattatt 546 O 

gtcattttac Ct c cataggc cct caataga aat cagttgc agagggcaga agcct agata 552O 

ttitt Caccitt aaaattggag ggtgaaagac attgaggtga agtagagata gaggg tacac 558 O 

agaaaaatcg tataagtaaa act aa catcg ttaac attat titact.gtaag titat citttgt 564 O 

aagagtggta aaatacattg togttgttaaa taattt catt taaaaaatgc at cactttgt st OO 

gtgtttittat attgctaaaa ccataaggcc agt ctacaag gtttgtagat aaaatagaaa 576. O 

catacct tcc titgaaaag.ca gaataaattt tittaaaggca ggaaggaagt gtttgaacca 582O 

tgttgtcaa.ca agctitt actg. tcaaag.cagg cittittggitat giggaagaaaa at acttataa 588 O 

at acttgttt taatatttgc titt attaaaa tacatttaaa atacago att tittaaatct c 594 O 

taagct caac ttgaagatat aagaacagta aatttgataa aaatgagaaa ttacatt coc 6 OOO 

atttctittaa caatttgtaa atticcaatta t cotgaacat ttaataccat ttacatattt 6 O6 O 

tattaatcac attitt cittaa acatttgata agagatttaa tattittgat c caactaccala 612 O 

aaaag.ca.gac ttgttgtactt gacagattitt totaaac act t cacaactica cqattcaaac 618O 

aaagacaaaa tag catatica aaagttaatc act cagttgg aaag.c actica taccataggc 624 O 

ttittatt cat ttcttgaata attttgttat atct tcc tot tittaggctgc aatgagctat 63 OO 

aattgcacta citgcacticca cqctgggtga cagagcaaga cccitat citct aaaaataaaa 636 O 

aagtatatat atataaaaat atct tcct ct attataattit aact cattaa gocatttatt 642O 

tagatgtaaa cittgcc cc cc toga catgtgg tatgaaacaa atagaaacct agaaatttag 648 O 

tgcatatt.ca aat attaaga cagacactgg tdtggtgact tttgttctgtc gctt cattgg 654 O 

gacgttttitt ctittctgatc aacttaatga aattataatt tactataatt aagtgtagcc 66OO 

attitt tactg tagagttcaa tdatctittga tigaacgtgta cacccatgta accaccaccc 666 O 

c caatcaaag taaagaac at titt Cttacca gaataaattt cct ct cogtt togcagt catt 672 O 

citcc ccagcc ctaggit cacc act gatccac cittctgttac toggaaggitta gttittct tcc 678 O. 

citgatttaga attt catata aattaaatca gatagtatat act cittgttgt ttagttt citt 6840 

tagcttaa.ca totttagaga tatttgctgt tdoctdtgtc. totagcttitt tdttitt catt 69 OO 

gctgaatagt attt cattgt aatataccac agttggttta totatttgct gatgaatatt 696 O 

tgttgttattt coag.cgtggg attattatga ataaagttgc tacaaacatt totatacaa 701.9 

<210s, SEQ ID NO 46 
&211s LENGTH: 6946 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 46 

atctgc.cgt.c at atcagctt atggcgc.cgg togctgattg gctggcc.gct C cagcct coc 6 O 

ggc.ccgcttg Ctggctgc cc agctgctagg acagtttgca gag cagtggc gtgcggagcg 12 O 
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gcggcggacc acct coaggg gctaagtgat ggat.cttgta Ctc.cgtgttg Cagattact a 18O 

tttittttaca ccatacgtgt atc.ca.gc.cac atggc.ca.gaa gatgacatct tcc.gacaagc 24 O 

tattagt citt ctdattgtaa caaatgttgg togcttacatc ctittatttct tctgtgcaac 3OO 

actgagct at tattttgtct tcgat catgc attaatgaaa catccacaat ttittaaagaa 360 

t caagt cc.gt cqagagatta agtttact.gt ccaggcattg ccatggataa gtatt cittac 42O 

tgttgcactg ttcttgctgg agatalagagg ttacagdaaa ttacatgatg acctaggaga 48O 

gttt coat at ggattgtttgaacttgtcgt tagtataata t ctitt cotct ttitt cactga 54 O 

catgttcatc tactggattic acagaggcct tcatcataga citggtatata agcgc.ctaca 6OO 

taaacct cac catatttgga agatt cotac to catttgca agt catgctt ttcacccitat 660 

tgatggctitt citt cagag to tacct tacca tatat accct tittat ctitt c cattacacaa 72 O 

ggtggittt at ttaagt ctdt acatc.ttggit taat atctgg acaattt coatt catgacgg 78O 

tgattitt.cgt gtc.ccc caaa tottacagcc atttattaat ggcticagotc at catacaga 84 O 

ccaccatatgttctittgact ataattatgg acaat atttic actttgtggg ataggattgg 9 OO 

cggct cattC aaaaatcc tt catcCtttga ggggaaggga cc.gct cagtt atgtgaagga 96.O 

gatgacagag ggaaag.cgca gcagc cattc aggaaatggc tigtaagaatgaaaaattatt O2O 

caatggagag titt acaaaga citgaatagat tattgcc cag titatt cittaa gtaagga caa O8O 

agaaggaaat atcatcgt at ttcttitttitt taataaggaa aaaataatat coatacagtic 14 O 

aagata cata gtaaatggta t catttggaa at Cagcatcg tdggc actgc tigaggaatga 2OO 

t cct agtggit agg to agaag aagatgctgt galacaccagg actittaatct tatgcttaaa 26 O 

atgccagatgttgttcgggg gacaacttgt atctttctag cagcagatct gtagtttgta 32O 

tagcct caac aacaattitta aataagatgg agaataaatt attgagggga citaggctata 38O 

tgcatttgcc titcatccacc catgtttatt aagaatcatt gtgcttaata ataccaagac 44 O 

taag caccat aaccaagaaa tactaatgta aagattgttt cittgttt cag gaatggittaa SOO 

ttct tcaacg ttgg tatgat aatgataact tdttittgact togaataaagt act acat cag 560 

tgtggaaaaa aattctgata cattagcagc tatgtaaatg acctaattga tag caggtgt 62O 

aataagacta t cqtct tcct acacatagga gqct cattct citggacacac tat caccitat 68O 

tacattttac tdattaacaa ataaattgga atttaaaaat atcgatatca ccatgattta 74 O 

atccagat ct gggattatgt agctaaac at tdtgatgatt attatttaaa accattattt 8OO 

aataagagta aaaatatgtgaatctggata tatttaaaaa aagaaatttg atgcc cagat 86 O 

aatatattag gcactact ga titttittagtt aaattgatgc act acactitt tdatgtttga 92 O 

agittacaaac ctd taattitt tttgtaaagg aaataattgc caaatacct a gg.cccattgc 98 O 

tgacgattag ttctaaaatc ttatt cotcc ticttctic ccc ticacttitt.cc ctact tcctic 2O4. O 

tgcaaaaaga tittaacaaat acatt cataa gcaaatgtgt gttgtaacaa atatattgca 21OO 

aaaacatagt ttgtaaaggc attctataag c tatt tatgt aaaat caata aaagttgat c 216 O 

ataattaaac togt atcagtt gag tattata gcago acaaa gtatt ctittg tacagattitt 222 O 

gtgc.ca attt gaa.gc.cacag aaatgatgtggattgttaat ttgttt tag aac at CCCC g 228O 

gacact cagt gtcacagggg gaaagaagtg ggtaccacat tctgtttata titt cacattt 234 O 

taactagatt tdagtgttitt tagcaagaaa totagt cittaa aatctaatgt ctoggat.cca 24 OO 
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ccittaacaaa tdcc.caagcc atggittaaag ttcaataaat actttgttga atttattaat 474. O 

aaaatggcag aaatgtcatt citct tccata tatgtttaat aaatc cctda taggtgctaa 48OO 

gcactgcact agg taaaaat t ct cittctga tigctgtc.ttt ttggccalacc atttitttitat 486 O 

catttatt ca ttagctgaca tttgctaagt gctttggaggggtcaaaagg ggalagtaatg 492 O 

agaaatcaaa gatggit coct a catcaagga taalactatot tttitt tagt c act caaagtic 498O 

at aacc ctitt ggaaacaaaa cccaccagta ccc.ca.gattt tdaccacaga tigaat cagta 5040 

Ctacaaggac tittagagg gttgaatgaa tictgtatact cagcact tala Cacagcactic 51OO 

tgggtaaaag aaaaaagatc Ctcaaagata ttagttggitt acatcaagaa aggacaaact 516 O 

taggittaatc tataactt catct cagagga acaggaactt tagataala Cagggct Ctg 522 O 

c cacttgcaa gttgcaccat coctdgtttc. tccatctgta aattgattaa aac actgcct 528 O 

atctaataag attaaataag titagaag cat t cagttaaat gtcaactgaa act attgttc 534 O 

atgtaaattig togcttgatgc tittitt ctitt c tag attcaat gattattgtc attittacctic 54 OO 

cataggcc ct caatagaaat cagttgcaga gqqcagaagc ctagatattt to accittaaa 546 O 

attggagggit gaaaga catt gaggtgaagt agagatagag ggtacacaga aaaatcgitat 552O 

aagtaaaact aacatcgitta acattattta citgitaagtta t citttgtaag agtgg taaaa 558 O 

tacattgttgttgttaaataa titt catttaa aaaatgcatc actttgttgttg tttittatatt 564 O 

gctaaaacca taaggc.cagt ctacaaggitt tdtagataaa atagaaacat acct tcc ttg st OO 

aaaagcagaa taaattittitt aaaggcagga aggaagttgtt taac catgt gtcaacaagc 576. O 

tttactgtca aag caggctt ttgg tatggg aagaaaaata cittataaata cittgttittaa 582O 

tatttgctitt attaaaatac atttaaaata cagcatttitt aaatctotaa got caacttg 588 O 

aagatataag aacagtaaat ttgataaaaa tdagaaatta cattcc catt totttaacaa 594 O 

tttgtaaatt coaattatcc togalacattta ataccattta catatttitat taatcacatt 6 OOO 

ttcttaaa.ca tttgataaga gatttaat at tittgatccaa citaccaaaaa agcagacittg 6 O6 O 

tgtacttgac agatttittct aaacact tca caact cacga ttcaaacaaa gacaaaatag 612 O 

catat caaaa gttaat cact cagttggaaa goact catac cataggctitt tatt catttic 618O 

ttgaataatt ttgttatat c titcct cittitt aggctgcaat gagctataat tdcact actg 624 O 

cact coacgc tigggtgacag agcaa.gaccc tat ct ctaaa aataaaaaag tatatatata 63 OO 

taaaaatat c titcctic tatt ataatttaac to attaa.gcc atttatt tag atgtaaactt 636 O 

gcc.cccct ga catgtggitat gaaacaaata gaalacctaga aatttagtgc at attcaaat 642O 

attalagacag acactggtgt gigtgacttitt gtctgtc.gct t cattgggac gttttitt citt 648 O 

tctgat caac ttaatgaaat tataatttac tataattaag togtagccatt titt actgtag 654 O 

agttcaatga t ctittgatga acgtgtacac ccatgitalacc accaccc.cca atcaaagtaa 66OO 

agaacatttt cittaccagaa taaattitcct citcc.gtttgc agt cattctic cccagcc cta 666 O 

ggtcaccact gatccaccitt citgttactgg aaggittagtt ttctitcc ct g atttagaatt 672 O 

t catataaat taaatcagat agtatatact cittgttgttta gtttctittag cittaa catgt 678 O. 

ttagagat at ttgctgttgc ctdtgtctgt agcttitttgt titt cattgct gaatag tatt 6840 

t cattgtaat ataccacagt toggtt tatgt atttgctgat gaatatttgt gttattt coa 69 OO 

gcqtgggatt attatgaata aagttgctac aaa catttgt atacaa 6946 








































































































